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PREFACE. 


At the close of the Deep-sea Dredging Expeditions 
which had been undertaken by* the Admiralty at the 
instance of the Council of the Iloyal Society during 
the years 1868, 1869, and 1870, it was thought right 
that those who had been entrusted with their scien- 
tific direction should, in addition to their official 
reports, lay before the general public some account 
of their proceedings with the olj^cts ; — first, of show- 
ing, if possible, that the value of the additions w hich 
had been made to human knowledge justified the 
liberality of Government in acceding to the request 
of the Council of the Iloyal Society, and placing 
means at their disposal to carry out the desired 
researches ; and, secondly, of giving such a popular 
outline of the remarkable results of our work as 
might stiio-ulate general interest, and induce those 
who have the proclivities and the opportunity, to 
penetrate farther into the new and strange region 
on whose borders we have had the good fortune to 
have been among the first to encroach. 
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It was originall^yn^i^^^^aV^^e general account 
should have been h joint prodi(5tion^.each of us con- 
tributing bis part? There were difficulties, however, 
in the way of this arrangement. We were all fully 
occupied with other matters, and the amount of 
communication and correspondence between us, re- 
quired to carry out the plan of joint authorship, 
seemed likely to prove a cumbrous complication. 

It was therefore decided that quoad the popular 
exposition I should take upon myself the office of 
‘ rei)orter,’ and thus it comes about that I am indi- 
vidually and solely responsible for the opinions and 
statements contained in this book, save where they 
are included within quotation marks, or their sources 
otherwise acknowledged. 

Since we began these deep-sea investigations, 
inquiries have come in from all quarters, both at 
homo and abroad, as to the implements and methods 
which we employ. To supply the desired informa- 
tion, I have described, in detail, the processes both 
of sounding and dredging ; and I hope that the 
special chapters on these matters — the result* of 
considerable experience — may be found useful to 
beginners. 

I pretend to no s[)ecial knowledge of physicjfj, and 
I should have greatly preferred confining myself to 
the domain of Biology, my own proper province ; 
but certain physical questions raised during ‘our late 
explorations have so great importance in relation to 
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the, distribution of living beings, and have of late 
been brought into so great prominence by Dr. Car- 
penter, that it has been impossible for me to avoid 
giving my earnest consideration to their general 
bearings on Physical Geography, and forming decided 
opinions, which, I regret to say, do not altogether 
coincide with those of Dr. Carpenter, The chief 
points on which my friend and I ‘ agree to differ ’ 
are discussed in the chapter on the Gulf-stream. 

It was at first my intention that appendices should 
bo added to the different chapters, containing lists 
and scientific descriptions of the animal forms which 
were observed. This it was found impossible to ac- 
complish, chiefly on account of the largo number of 
undescribed species which were placed in the hands 
of the experts who undertook the examination of the 
several groups. I am not sure that, even if it had 
been possible to furnish them in time, such lists 
would have been altogether an ap])ropriate addition 
to what is intended merely as a popular preliminary 
skcficli. 

The metrical system of measurement, and the 
centigrade thermometer scale, have been adopted 
throughout the volume. The metrical system is pro- 
bably, familiar to most of my readers. In case the 
centigrade notation, which comes in very frequently 
owing to the frequent discussion of questions of the 
distribution of temperature, should not be equally 
familiar, a comparative scale, embodying those of 
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Fahrenheit, Celsius, and lleau- 
mur, is introduced for com- 
parison. 

My various sources of infor- 
mation, and the friendly as- 
sistance I have received on all 
hands during the progress of 
our work, are acknowledged, so 
far as possible, in the text. 
I need here only renew my 
thanks to Stalf- Commander 
May and the officers of the 
‘ Lightning,’ and Captain Cul- 
ver and the officers of the 
‘ Porcupine,’ without whose 
hearty sympathy and co-ope- 
ration our task could never 
have been satisfactorily accom- 
plished; to my colleagues. Dr. 
Carpenter, F.E-.S., and Mi*. 
Gwyn Jeffreys, F.R.S., who 
have cordially assisted ma in 
every Avay in their power ; and 
to the naturalists into whose 
hands the animals, of various 
classes were placed for descrip- 
tion and study, — the llcv. A. 
Merle Norman, Professor Kbl- 
likcr. Dr. Carter, P'.R.S., iJr. 


Allman, F.R.S., Professor Martin Duncan, F.R.S., 
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and Dr. M'lntosh, for information courteously 
supplied. 

The whole of the illustrations in the book — with 
the exception of the vignettes of Fmroe scenery for 
which I am indebted to the accomplished pencil of 
Madame Holten — are by my friend Mr. J. J. Wild. 
I need scarcely thank him for the admirable way in 
which he has accomplished his task, for every figure 
was with him a labour of love, and I almost envy 
him the gratification he must feel in the result. 
To Mr. J. D. Cooper I owe my sincere thanks for 
the singularly faithful and artistic rendering of 
Mr. Wild’s beautiful drawings on the wood-blocks. 

On the return of the ‘ Porcupine ’ from her last 
cruise, so much interest was felt in the bearings of 
the new discoveries upon important biological, geo- 
logical, and physical problems, that a representation 
was made to Government by the Council of tlie 
Royal Society, urging the despatch of an expedition 
to traverse the great ocean basins, and take an out- 
line survey of the vast new field of research — the 
bottom of the sea. 

Rear-Admiral Richards, C.B., F.R.S., the llydro- 
grapher to the Navy, warmly supported the pro- 
posal, •and ‘While I am writing a noble ship is 
lying at Sheerness equipped for scientific researcli, 
under his^ wise and liberal directions, as no ship 
of^any nation was ever equipped before. 
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The scientific staff of the ‘ Challenger ’ are well 
aware that for some time to come their rdle is to 
work and not to talk ; but now, on the eve of depar- 
ture, I think it is only right to take this opportunity 
of saying that nothing has been left undone by the 
Government to ensure the success of the undertaking, 
and that dire misfortune only ought to pi’event our 
furnishing a valuable return. 

C. Wyville Thomson. 

Edinuuhoh, 

Decemher 1872 . 
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THE DEPTHS OF THE SEA. 


C n A P T E 11 I. 

INTRODUCTION. 


The Question of a Bathymetrical Limit to Life. — The general Laws 
which regulate the Geographical Distribution of Living Beings. — 
Professor Edward Forbes* Investigations and Views. — Specific 
Centres, — Kepresentative Species. — Zoological Provinces. — Bear- 
ings of a Doctrine of Evolution upon the Idea of a ‘ Species,* 
and of the Laws of Distribution. — The Circumstances most likely 
to affect Life at great Depths : Pressure, Temperature, and Absence 
of Light. 

The sea covers nearly three-fourths of the surface of 
the earth, and, until witliin the last few years, very 
little was known with anything like certainty about 
its depths, whether in their physical or their biological 
relations. The popular notion was, that after arriving 
ht a certain depth the conditions became so peculiar, 
so entirely different from those of any portion of the 
earth to which we have access, as to preclude any 
other idea than that of a waste of utter darkness, 
subjected to such stupendous pressure as to make life 
o^any kind impossible, and to throw insuperable difli- 
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cultios in ^)r Swy ^jtttcinpt at investigation. 

Etcit^m^n* o*f ’scienc^^crtue^^ lo ^larc this idea, for 
thej^lMiditlal^giiKio yie*ipii|rcntly Avell-authenti- 
cated instances of animals, comparatively liigli in the 
scale of life, having been brought np on sounding 
lines from groat depths, and welcomed any suggestion 
of the animals having got entangled when swimming 
on the surface, or of carelessness on the part of the 
observers. And this was strange, for every other 
(piestion in Pliysical Cleograpliy had been investi- 
gated by scientilic men with (“onsummate ])atienee 
and energy, livery gap in lln; no])l(‘ little army of 
martyrs striving to ext (Mid tlie l)oundari(?s of know- 
ledge in the wilds of Australia, on the Zambesi, 
or towards the Aorth or South Pole, was struggled 
for by carnesL v<duuteers, and still the groat ocean 
slumbering lieiu'atli the jnoon eoviM'C'd a region 
apparcMitly as inaecessililo to man as tlie ‘ jnare 
serenitatis.’ 

A lew years ago the bottom of the sea was rc(|uircd 
for the purpose of teh'graphic communication, and 
practical men mafipc'd out the bed of the North 
Atlantic, and devised ingiMiious metliods of ascertain- 
ing the nature of the matcM'ial covi'ring tlie bottom. 
They laid a telegraphic cable across it, and the 
cable got brokim and they wont back to the spot and 
lished up the end of it easily, from a depth of nearly' 
two miles. 

It had longbei'n a fjui'stion with naturalists whether 
it might not he possible to dredge the bottom of the 
sea in the ordinary way, and to kimuI down wati'r- 
bottlcs and registering instruments to setth' finally 
the question of a ‘ zero of animal lihg’ and to deter- 
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mine witli ])i’eeision tlio composition and temperature 
of sea-water at great di.'pths. An investigation of this 
kind is beyond tlie ordinary liinitsV)f private enter- 
prise. It requires more power and sea skill than 
naturalists can usually command. When, however, 
in the year 1S08, at the instance of my colleague 
Dr. Carpenter and myself, with the etfective support 
of the pi’esent llydrographcr to the Navy, who is 
dei'ply interested in the seientillc aspects of his 
[)rofession, we had placed at our disposal by the 
Admiralty sutliei(.'nt power and skill to make the 
experiment, we found that we would work, not with 
so much case, hut with as much certainty, at a dc'pth 
of (JOO fathoms as at 100; and in 1800 avc carried 
the operations down to •2,i:>5 fathoms, 11-,010 feet, 
nearly three statutt; miles, with pt'rfeet sueeess. 

Dnalging in such deep water was doubtless very 
trying. Each haul oeeiipiial seven or eight hours; 
and during the wlioh' of that time it demanded and 
reeeiv('d the most anxious care on the part of our 
commander, uho stotxl with his hand on the pulse of 
tin; aeeumulalor, ready at any moment, by a turn of 
the paddles, to ease any undue strain. The znen, 
stimulated and eueouraged by the cordial interest 
taken by tlu-ir oHicers in our operations, worked 
.willingly ami well; l)ut the labour of taking upwards 
of three miles of rope eomizig up with a heavy strain, 
from the surging drum of tlie engim', was very severe. 
The ro^)c itself, ‘ hawser-laid,’ of the best Italian 
hemp, 2,^ inches in eireumfeiamee, with a breaking 
strain of 2| tons, looked frayed out and worn, as if it 
could not have been trusted to stand this extraordinary 
ordeal much longer. 

1 ! 2 
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Still the thing is possible, and it must be done 
again and again, as the yeai*s pass on, by naturalists 
of all nations, wf)rking with improving machinery, 
and with ever-increasing knowledge. Por the bed of 
the deep sea, the 140,000,000 of square miles Avliich 
we have now added to the legitimate field of Natural 
History research, is not a barren waste. It is inhabited 
by a fauna more rich and varied on account of the 
enormous extent of the area, and with the organisms 
in many cases apparently even more elaborately and 
delicately formed, and more exquisitely beautiful in 
their soft shades of colouring and in the rainbow-tints 
of their wonderful phosphorescence, than the fauna 
of the well-known belt of shallow water teeming with 
innumerable invertebrate forms Avliich fringes the 
land. And the forms of these hitherto unknown 
living beings, and their mode of life, and their rela- 
tions to other organisms whether living or extinct, 
and the phenomena and laws of their geographical 
distribution, must he Avorked out. 

Tlie late Professor Edward Eorbes appears to haA'e 
been the lirst Avho undertook the systematic study of 
Marine Zoology Avith special reference to the distribu- 
tion of marine animals in space and in time. After 
making himself Avell acquainted Avith tlie fauna of 
the British seas to the dc])th of about 200 fathoms by 
dredging, and by enlisting the active co-operation of 
his friends — among Avhom aa-^c find MacAndrcAv, Barlce, 
GAvyn Jeffreys, William Thompson, Hohert Ball, and 
many others, entering enthusiastically into the mnv 
field of Natural History inquiry — in the^ year 1811 
l orhes joined Capt. (jra\es, who Avas at tliat time in 
command of the Mediterranean Survey, as naturalist. 
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During about eighteen months he studied with the 
utmost care the conditions of the yEgean and its 
shores, and conducted upwards^ of one hundred 
dredging operations at deptlis vai*ying from 1 to 130 
fathoms. In 1843 he communicated to the Cork 
meeting of the British Association an elahoi’ate report 
on the Mollusca and lladiata of the yEgean Sea, and 
on tlieir distribution considered as hearing on Geology.' 
Three years later, in 1846, he published in the first 
volume of the ‘Memoirs of the Geological Survey of 
Great Britain,’ a most valuable memoir upon the 
Connection between the existing Eauna and Elora of 
the British Isles, and the geologieal Changes whieh 
have affected their Area, especially during the Epoch 
of tile Northern Drift.^ In the year 1859 appeared 
the Natural History of the European Seas by the late 
Professor Edward Eorhes, edited and eontinued by 
Bohert Godwin Austen.^ In the first hundred pages 
of this little hook, Eorhes gives a general outline of 
some of the more important of his A iews with regard 

^ Eeport on the ^rollusca and Radiata of the ^Egean Sea, and on 
their Distribution, considered as bearing on Geology. By Ed^vard 
Eorbes, E.L.S., ^I.AV.S., Trofessor of Botany in King’s College, London. 
(Report of the Thirteenth ]\[eeting of the British Association for the Ad- 
vancement of Science ; held at Cork in August 1843. London, 1844.) 

^ On the Connection between the Distribution of the existing Fauna 
and Flora of the British Isles and the geological Changes which have 
^fleeted their Area, especially during the Epoch of the Xorthern Drift. 
By Edward Forbes, F.R.S., L.S., G.S., Professor of Botany at King’s 
College,* London ; rahnontologist to the Geological Survey of the 
United Kingdom. (Memoirs of the Geological Survey of Great Britain, 
vol. i. London, 1846.) 

^ The KaUiral History of the European Seas, by the late Professor 
Edward Forbes, F.R.S., &c. Edited and continued by Robert Godwin 
Aus to n , F. R S . London , 1 8 5 0 . 
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to the distribution of marine forms. The remainder 
of the hook is a eontimiation hy his friend Mr. Godwin 
Austen, for before^ it was linished an early death had 
cut short the carc'cr of tlie most accomplisluid and 
original naturalist of his time. 

I will give a brief sketch of the general results 
to wdiicli Eorbos was led by his labours, and I shall 
have to point out hereafter, that although we an* 
now inclined to look somewhat dilfercntly on certain 
very fundamental points, and although recent invc's- 
tigations Avith better ai)pliances and more extended 
experience have invalidated many of his eoneliisions, 
to Torbes is due the credit of having been the llrst to 
treat these questions in a broad philosophical sense, 
and to point out that the only m(\‘ms of ae(piiring a 
true knowledge of the rationolc of the distribution of 
our present fauna, is to make ourselves aequainlc'd 
Avith its history, to connect the present with the past. 
This is the direction Avhieh must be taken bv future 

t 

inquiry. Forbes, as a 2)ioueer in this line of research, 
Avas scarcely in a position to aj)preeiate the full value 
of his Avork. Ev(‘ry year adds enormously to our 
stock of data, and cvctv mwv fact indicates more 
clearly the brilliant results Avhich an; to be obtaiiu'd 
by following his methods, and by emulating his 
enthusiasm and his indefatigable industry. 

Forbes beli(;vcd inqdicitly, along with luau-ly all tlui 
leading naturalists of liis time, iii the immutability 
of species, lie says (Xatni-al History of tlie F.ritish 
Seas, p. 8), “ Every true species presents in its indi- 
A'iduals, c(,‘rtain features, ftperijic chuvoclrra, which 
di.stiuguish it from every other species; as if tin- 
Creator had set an exclusive mark or seal on (‘ach 
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type.” lie likewise believed in specific centres of 
distribution. He held that all tiij^ individuals com- 
posing a species had descended from a single pro- 
genitor, or from two, according as the sexes might be 
united or distinct, and that consequently the idea of a 
species involved the idea of tlic relationship in all the 
individuals of common descent ; and the converse, that 
there could by no possibility be community of descent 
except in living beings which possessed the same 
specide characters. lie supposed that the original 
individual or pair was created at a particular spot 
where the conditions were suitflhle for its existence 
and propagation, and that the species extended and 
migrated from that spot on all sides over an area of 
greater or less extent, until it met Avith some natural 
barrier in the shape of unsuitable conditions. No 
specific form could hav(' more than a .single centre of 
distribution. If its area appeared to be broken iij), a 
patch not in connection with the original centre of 
distribution occurring in some distant locality, it Avas 
accounted for by the formation, through some geolo- 
gical change after the first spread of the species, of a 
barrier Avhich cut off a ])art of its area ; or to some 
accidental trmisport to a place where the conditions 
Avere sufliciently similar to those of its natural original 
habitat to enable it to become naturalized. Xo species 
.once exterminated was ever recreated, so that in those 
few cases in which Ave find a species abundant at one 
period ovcr*an area, absent over the same area for a 
time, and recurring at a later period, it must he ac- 
counted fqr by a change in the conditions of the area 
Mdiich forced the emigration of the species, and a sub- 
sequent furtlu'r change which p('rmittcd its return. 
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Eorbes defined and advocated vvliat lie called the 
law of representation. He found that in all parts 
of the world, however far removed, and however 
completely separated by natural barriers, Avhero tbe 
conditions of life are similar, species and groups 
of species occur Avhich, although not identical, 
resemble one another very closely ; and he found 
that this similarity existed likewise between groups 
of fossil remains, and between groups of fossils 
and groups of recent forms. Admitting the con- 
stancy of specific characters, these resemblances 
could not be accounted for by community of de- 
scent, and he thus arrived at the generalization, 
that in localities placed under similar circumstances, 
similar though specifically distinct specific forms 
were created. These ho regarded as mutually repre- 
sentative species. 

Our acceptance of tbe doctrines of specific centres 
and of representation, or, at all events, the form in 
Avhich Ave may be inclined to accept these, depends 
-greatly upon the acceptance or n'jection of tbe funda- 
mental dogma of the immutability of species ; and 
on this point there has been a very great change of 
ojjinion Avithin the last ten or twelve years, a eliange 
certainly due to the remarkable ability and candour 
with Avbieh the question has been discussed by IVEr. 
Darwin ' and Mr. Wallace,^ and to the genius of Pro- 

’ 'J'hc Origin of Spenies l)y iiiean.s of Natural .Seloctioii ; 'or, the 
f’lpservation of Favoured Raco.s in the Struggle for Life, I’.y Charh.-a 
Darwin, IM.A., I'.U.S., L.S., O.S.,&e. &c. London, 1 SoO, and auhse- 
(joeiit editions. 

^ (,'ontributions to the Theory of Natural Selection. A SerieR (d 
K.ssaya l.y Alfred Ru.ssel tVallace. I.oudoii, 1S70. 
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fessor Ernst Haeckel,* Dr. Fritz Muller,* and others of 
their enthusiastic disciples and commentators. I do 
not think that I am speaking too strongly when I say 
that there is now scarcely a single competent general 
naturalist who is not prepared to accept some form 
of the doctrine of evolution. 

There is, no doubt, very great difficulty in the 
minds of many of us in conceiving that, commencing 
from the simplest living being, the present state 
of things in the organic world has been produced 
solely by the combined action of ‘ atavism,’ the ten- 
dency of offspring to resomhle* their parents closely ; 
?;ind ‘ variation,’ the tendency of offspring to differ 
individually from their parents within very narrow 
limits : and many arc inclined to believe that some 
other law than the ‘ survival of the fittest ’ must 
regulate the existing marvellous system of extreme 
and yet harmonious modification. Still it must be 
admitted that variation is a vera caum, capable, 
within a limited period, under favourable circum- 
stances, of converting one species into what, accord 
ing to our present ideas, we should be forced to 
recognize as a different species. And such being the 
case, it is, jicrhaps, conceivable that during the lapse 
of a period of time — still infinitely shorter than 
eternity — variation may have produced the entire 
result. 

* (leuerello Itorpliologie der Organiamcn. Allgemeine Grundziige 
dsr ofgjiiiisclfeu Foriiicn-Wisseuschal't mechauisch begiiindet durcli 
die von Cliarlos Darwin reformirte Descendenz-Theorie. Vou Ernst 
Hacckol. Berlin, 18CC. — Naliirliclie ScliopfungsgoscLichte. Von Dr. 
Ernst Haeckel, Professor an der Universitiit Jena. Berlin, 1870. 

, 2 Eiir Darwin. Von Dr. Eritz Miiller. Leipzig, 18C1. Translated 
from tlie (Jerman by W. S. Dallas, F.L.S. London, 1869. 
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The individuals comprising; a species have a dediiitc 
range of variation strictly limited by the circum- 
stances under which tlie group of individuals is 
placed. Except in man, and in domesticated animals 
in which it is artificially increased, this individual 
variation is usually so slight as to be unappreciable 
excc))t to a practised eye ; but any extreme variation 
Avliich passes the natural limit in any direction clashes 
in some way Avith surrounding circumstances, and is 
dangerous to the life of the individual. The normal 
or grapliie lino, or ‘ line of safety,’ of the species, lies 
midAvay betAveen the CKtrcincs of variation. 

If at any period in the history of a species the 
conditions of life of a group of individuals of the 
species be gradually altered, Avith tbc gradual change 
of circumstances the limit of variation is contract('d 
in one directioia and relaxed in another ; it becomes 
more dangerous to diverge toAvards one side and 
more desirable to diverge towards the otlier, and the 
position of the lines limiting Auriation is altered. 
The normal line, the line along Aviiich the sjx'cific 
characters are most strongly markinl, is cousccpicntly 
slightly deflected, some (diaractc'rs being more strongly 
expressed at the exjx'nsc of others. This delleclion, 
carried on for ages in the same direction, must (;ven- 
tually carry the div(n'gence of the varying raci^ far 
beyond any limit Avithin Avhich we an* in tlu' habit 
of admitting identity of species. 

But the process must be infinitely slow, it is 
difficult to form any idea of ten, fifty, or a hundred 
millions of years ; or of the relation Avhich such 
periods bear to changes taking place in the organic 
Avorld. 
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We must remember, however, that the rocks of 
tlie Silurian system, overlaid by ten miles’ thickness 
of sediment entoinbing a hundred successive faunse, 
each as rich and varied as the fauna of the present 
day, themselves teem with fossils fully representing 
all the existing classes of animals, except perhaps 
the highest. 

If it be possiljle to imagine that this marvellous 
manifestation of Eternal Power and ‘W'isdom involved 
in living nature can have been worked out through 
the law of ‘ descent with modificatiou ’ alone, Ave 
shall certainly require from thc.Physicists the longest 
row of cyphers which they can all'ord. 

Now, althougli the admission of a doctrine of evolu- 
tion must allVct greatly our conception of the origin 
and rationale of so-called specific centres, it does not 
])ractically affect the question of their existence, or of 
the laws regulating the distribution of species from 
their centres by migration, by transjiort, by ocean 
currents, by elcvatiou.s or depressions of tlic land, or 
by any other causes at work under existing circum- 
stances. So far as practical naturalists are con- 
cerned, species are permanent Avithin their narrow 
limits of variation, and it Avould introduce an element 
of infinite confusion and error if avc Averc to regard 
them in any other light. The origin of species by 
descent Avith modificatiou is as yet only a liypothesis. 
During the Avhole period of recorded human observa- 
tion «ot 04 ie single instance of the change of one 
species into another has been detected ; and, singular 
to say, in successive geological formations, although 
ncAv species are constantly appearing and tlierc is 
^Ibundant evidence of progressive eliange, no single case 
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has yet been observed of one species passing through 
a series of inappreciable modifications into another. 
Every species appears to have an area of maximum 
development, and this has been called the metropolis 
of the species ; and practically we must employ the 
same methods in investigating the laws of its distri- 
bution as if we still regarded it as having been 
specially created in its metropolis. 

It is the same in dealing with the law of represen- 
tation. Accepting an evolution doctrine, we should 
certainly regard closely allied or ‘representative’ 
species as having descended comparatively recently 
from a common ancestry, and as having diverged 
from one another under somewhat difterent conditions 
of life. It is possible that as our knowledge increases 
we may be able to trace the pedigree of our modern 
species, and some attempts have already been made 
to sketch out the main branches of tlie universal 
genealogical tree ; ‘ but practically avc must continue 
to accord a specific rank to forms wliich exbibit 
characters to which we have been in the habit of 
assigning specific value. 

“ Every species has three maxima of develop- 
ment,— in depth, in geographic space, in time. In 
depth, we find a species at first represented by few 
individuals, which become more and more numerous 
until they reach a certain point, after whicli they 
again gradually diminish, and at length altogetlier 
disappear. So also in the geographic and g(!ologic 
distribution of animals. Sometimes the genus to 
which the species belongs ceases with its disappear- 
ance, but not unfrcquently a succession of similar 

^ .Krn.st Haeckel, op. cit. 
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species are kept up, representative as it were of each 
other. When there is such a representation, the 
minimum of one species usually commences before 
that of which it is representative has attained its 
correspondent minimum. Porms of representative 
species are similar, often only to be distinguished by 
eritieal examination.”* 

As an illustration of what is meant by the law of 
‘ representation,’ I may cite a very curious case men- 
tioned by Mr. Verril and Mr. Alexander Agassiz. On 
either side of the Isthmus of Panama the Echinoderm 
order Echiuklea, the sea-urchins, are abundant ; but 
the species found on the two sides of the Isthmus 
are distinct, although they belong almost universally 
to the same genera, and in most cases each genus is 
represented by species on each side which resemble 
one another so closely in habit and appearance as to 
be at first sight hardly distinguishable. I arrange 
a few of the most marked of these from the Carib- 
bean and Panamic sides of the Isthmus in jJai'aHel 
columns. 


Eastern Fauna. 

Cidaris anmilutaj Gray. 
Diadeina antillarumy Phil. 
Echinocidaris piinctidata, Desml, 
Eckimmetra micheliuiy JJes. 

,, viridis, A. Ao. 
Lytechinus varieyatus, A. Ao. 

IVipneustes ventricosus, Ao. 
Stolonoclypus mveneUii^ A. Ao. 
Mcllita testudinatay Kl. 


Western Fauna. 

Cid^iris (hoiiarsli^ Yal. 

Dladtma mexicanum^ A. Ao. 
Echinocidaris sttllatay Ao. 
Eckimmetra van hrunti, A. Ao. 

„ rupicola, A. Ao. 

L ytech i n us se?n ituberculatus. 

A. Ag. 

Tripneustes depressus., A. Ao. 
Stolonocl yjms rotundus, A. Ac. 
Mcllita lonyitissctj Micu. 


* * Edward Forbes, Report on ^gean Invcrtebrata, op. eit. p. 173. 
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Ea!s I’K iiN Fauna. 

McUita lipxapura, A. Ar,. 

Eli cope miclielini^ A a. ‘ 

„ An. 

fikf/ii ch ohtmpas ofriU^nu'd m , 

* A. Ao. 

Cain A{^. 
A/(Oi/(tt JA’I'K. 

iH Ctordlia, Ac. 
e.'X'i uti'iCif j A. Ac. 
M<t ra alropo.'i, ^licii. 


Wkstkkx Fauna. 

Afetlifil pdCO'hXt, X’^UK. 

Enc-ipe (/juonlis^ A(J. 

,, mii'rojhuxf, Ac. 
liJn/tfi'JiiAampaa pdciji^'HS^ A. Ac. 

Pris.'iKs oJx'SHx, \ j:u. 

Mutuld t/rdJdllS, (iliAV. 

Phnj(*di()t nahiJts^ A. Ac. 

Aiiii!i.<t:.ht ri>l>trftl ai d ^ V ac. 

Apt rd clutJin^ INTlCil. 


Supposing species to be constant, tliis singular 
eliaiu of reseinblancys would indicate simply the 
sp<*cial creation on the two sides of the Isthmus of 
two groups of species closely resemhling one another, 
because the circumstances under which they were 
placcal were so veny similar; hut admitting ‘desc('nt 
with modilicatioii,’ while gladly availing i)urs<'lves 
of the convenient term ‘ re])resentation,’ wt' at once 
come to the conclusion that these nearly alli(‘d ‘ rc- 
])r(!sentative s])ecies' must have descended from a com- 
mon stock, and we look for tiu' cause of their divi-r- 
gencc. Xow on examining the Isthmus of I’anama we 
lind that a portion of it consists of cretaceous beds 
containing fossils undistinguishahle from fossils fritm 
th(! cr(‘ta(,‘(‘ous beds of hurope ; tin; Isthmus jiiiist 

therefore hav(‘ been raised into drv land in terliarvor 

' « 

post-tertiary times. It is dilliciilt to doubt that the 
rising ol this natui'al hari‘i(‘r isolated two ])oi'tions 
of a shalloAV-water fauna which havi' siiK-(> slightlv 
diverged und(‘r slightly dilfi'nml conditions. 1 ([uotc; 
Alexander Agassi/,:- “Tin- (|uestion naturally arises, 
have we not in the different Fauna' on both sides of 
the Isthmus ;i standard by uhieh to im'asure flu* 
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changes which Ihcso species have undergone since the 
raising of tlie Isthmus of Panama and the isolation 
of the two Eauntc ?”* 

Edward Eorbes distinguished round all seaboards 
four very marked zones of depth, each characterised 
by a distinct group of oi'ganisms. Tlic first of tliesc 
is the littoral zone, the space between tide-marks, 
distinguished by tlie abundance of sea-Aveeds, on 
the European shores of the genera Lichina, Fucus, 
Enteromorpho , Folysiphonia, and Lmu-cncio, Avhieh 
severally predominate at dilfercnt heights in the 
zone, and subdivide it into subordinate belts like 
a softly-colour('d riband border. This band is under 
very special circumstances, for its inhabitants are 
periodically exj)os{'d to tlu' air, to the direct rays 
of the sun, and to all tlu' extremes of the climate 
of the land. Animal speci(‘s are not very numerous 
in the littoral zone, but individuals are abundant. 
The disirihution of many of the littoral species is 
veryAvide, and some of tlumi are nearly cosmopolitan. 
Many arc vegetable feeders. tSoim- characteristic 
genera on the coast of Euro])(' are Giintuiavus, 
Tulitriis, and Ihiltniax among Crustacea, and Lit- 
loi'iiHi, FolcUn, F/irpi'ro, and among Alol- 

lusca, Avilh, under stones and in rock-pools, many 
stragglers from the next zone. 

The Laminarian zone exltmds from loAV-wat(‘r mark 
to a depth of about lifteen fathoms. This is specially 

' rrcjiiniiiar^ h’l-port on tli.- Iv hiui aiul S' niislu's in 1 

Walt'i' hetwi'i'ii ('\ili.i aiiit flu' l-’Imi'la Ui'i'l’, t v L. F. ilr l’.a!v'..rs f:, 
Asfii.staiit U.S. (j'a'^t .Suvvi’v ; iiri'i'.ii'.- 1 I'V .\lcx:U!.l''r 
( 'Diunmiiiiati'd liy I’rol'o^'ir 1!. IViiac, .Su|n iintrii,tria I .S. ( oast 
Siiivoy, to tilt) l.ullctiii of tlio Mu.-i'uiu ot ( OiDf ar.ilivi' /i I'loyy, 
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the zone of ‘ tangles ’ for the first few fathoms, and 
in . deeper water of the beautiful scarlet sea-weeds 
(JloridecB). It is always under water except at the 
very lowest ebb of spring tides, when we get a 
glimpse of its upper border. The laminarian zone 
produces abundance of vegetable food, and, like the 
littoral zone, may be divided into subordinate bauds 
distinguished by differently tinted algie. Animals 
swarm in this zone, both as to species and indi- 
viduals, and are usually remarkable for the bright- 
ness of their colouring. The molluscan genera 
Ti'oclitis, Lacuna, and Lottia are characteristic of this 
belt in the British seas. 

The Laminarian zone is succeeded by the Coralline 
zone, which extends to a depth of about fifty fathoms. 
In this belt vegetation is chiefly represented by coral- 
like millipores, and plant-like hydroid zoophytes and 
bryozoa abound. All of the higher orders of marine 
invertebrates are fully represented, principally by 
animal feeders. The larger crustaceans and cehino- 
derms are abundant; and the great fishing-banks 
frequented by the cod, haddock, halibut, turbot, and 
sole, belong properly to this zone, although they 
sometimes extend into waiter more than fifty fathoms 
deep. Characteristic molluscan genera arc Buccinn'm, 
Fusus, Ostroa, and Fecten ; and among cchinodenns 
in the European seas we find Antedon savnii and 
celtlcm, Asleracanthion ylaciale and ruhens, Ophio- 
thrix fmgilis, and on sand, Ophioyhjpha lacortosa 
and alhida. 

The last belt defined by Forbes as extending from 
about fifty fathoms to an unknown lower limit is the 
zone of deep-sea corals. “ In its depths the number 
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of peculiar creatures are few, yet sufficient to give a 
marked character to it, whilst the other portions of 
its population are derived from the higher zones, and 
must be regarded as colonists. As we descend deeper 
and deeper in this region, its inhabitants become more 
and more modified, and fewer and fewer, indicating 
our approach towards an abyss where life is either 
extinguished, or exhibits but a few sparks to mark 
its lingering presence.” ^ 

Forbes pointed out that the groups of animals 
having their maximum development in these several 
zones are thoroughly characteristic, and that groups 
of representative forms occupy the same zones all 
over the world, so that on examining an assemblage 
of marine animals from any locality, it is easy to tell 
from what zone of depth they have been procured. 
At all periods of the earth’s history, there has been 
the same clear definition of zones of depth, and fossil 
animals from any particular zone are in some sense 
representative of the fauna of the coiTesponding zone 
at the present day. We can, therefore, usually tell 
with tolerable certainty to which zone of depth a 
particular assemblage of fossils is to be referred. 

Although we must now greatly modify our views 
with I’egard to the extent and fauna of the zone of 
deep-sea corals, and give up all idea of a zero of 
animal life, still we must regard Forbes’ investiga- 
tion into the bathymetrical distribution of animals 
as marking -a great advance on previous knowledge. 
His experience was much wider than that of any 
other naturalist of his time ; the practical difficulties 
in the way of testing his conclusions were great, and 
Edward Forbes, Natural History of the European Seas, p. 20. 

C 
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they were accepted by naturalists generally without 
question. 

The history of tliscovery bearing upon the extent 
and distribution of the deep-sea fauna will be dis- 
cussed in a future chapter. It will suffice at present 
to mention in order the few data which gradually pre- 
pared the minds of naturalists to distrust the hypo- 
thesis of a zero of animal life at a limited depth, and 
led to the recent special investigations. In the year 
1819 Sir John lloss published the official account of 
his voyage of discovery during the year 1818 in 
Baffin’s Bay.' At page 178 he says, “ In the meantime 
I was employed on board in sounding and in trying 
the current, and the temperature of tlje water. It 
being perfectly calm and smooth, I had an excellent 
opportunity of detecting these important objects. 
Soundings were obtained correctly in 1,000 fathoms, 
consisting of soft mud, in which thei’e were worms, 
and, entangled on the sounding-line, at the depth 
of 800 fathoms, was found a beautiful Caput Medusce 
(Fig. 1). These were carefully preserved, and will be 
found described in the appendix.” This was in lat. 
73° 37' N., long. 77° 25' W., on the 1st of Sept., 1818, 
and it is, so far as I am aware, the first recorded 
instance of living animals having been brought 
up from any depth approaching 1,000 fathoms. 
General Sir Edward Sabine, who was a member of 
Sir John Boss’s expedition, has kindly furnished Dr. 

J A Voyage of Discovery made under the Orders of the Admiralty 
in His Majesty’s ships ‘ Isabella ’ and ‘ Alexander,’ for the purpose 
of exploring Baffin’s Bay, and inquiring into the Possibility of a 
North-west Passage. By John Boss, K.G., Captain Royal Navy. 
London, 1819. ‘ 
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Carpenter with some more ample particulars of this 



Fir,. AsUro-iihyton linrkii, WVLLKRnnd Trokc hfl. A ycnrg specimen slightly 
rnlRrgcd. No. T'i. 

occurrence : ' — “ ‘The ship sounded in 1,000 fathoms, 

mud, between one and two miles off shore (lat. 

• • 

^ Preliminary Eeport, by Dr. William B. Carpenter, V.1MC8., of 
Dredging Operations in the Seas to the North of the British Islands, 
carried on in Her Majesty’s steam-vessel ‘Lightning,’ by Dr. 
Carpenter and Dr. Wyville Thomson. (Proceedings of the Royal 
Society, 18G8, p. 177.) 

‘) 


C 




20 


THM DEFTlia OF THE HE A. 


[chap. 1. 


73° 37' N., long. 77° 25' W.) ; a magnificent Asterias 
{Caput Medusce) ^vas entangled by the line, and 
brought up with very little damage. The mud was 
soft and greenish, and contained specimens of Zum- 
hricus tuhlcolaC So far my written journal; but I 
can add, from a very distinct recollection, that the 
heavy deep-sea weight had sunk, drawing the line 
with it, several feet into the soft greenish mud, 
which still adhered to the line when brought to 
the surface of the water. The star-fish had been 
entangled in the line so little above the mud that 
fragments of its arms, which had befen brol^g^ off in 
the ascent of the line, were picked up frbflS fmongst 
the mud.” 

Sir James Clark Ross, R.N., dredging in 270 
fathoms, lat. 73° 3' S., long. 170° 0' E., reports:' 
“ Corallines, Flustrce, and a variety of invorte1)rate 
animals, came up in the net, showing an abundance 
and groat variety of animal life. Amongst these I 
detected two species of Fyenogonum; Idotea bajjini, 
hitherto considered peculiar to tlic Arctic seas ; a 
Chiton, seven or eight bivalves and univalves, an un- 
known species of Gammarus, and two kinds of Serpula 
adhering to the pebbles and shells ... It was interest- 
ing amongst these creatures to recognize several that 
I had been in the habit of taking in C(pially high 
northern latitudes ; and although, contrary to the 
general belief of naturalists, I have no doubt that 
from however great a depth we may be enabled to 
bring up the mud and stones of the bed of the ocean, 

^ A Voyage of Discovery and llesearcli in the Southern and 
Antarctic Eegions during the Years 1839-43. By Captain Sir 
darheS' ‘Clark* Boss, R.X. London, 1847. 
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wc shall liiid them teeming' with animal life ; the 
extreme pressure at the greatest depth does not 
appear to affect these creatures ; hitheido we have 
not been able to determine this point beyond a 
thousand fathoms, but from that depth several shell- 
fish have been brought up with the mud.” 

On the 28th of June, 1845, Mr. Henry Goodsir, 
who was a member of Sir John Franklin’s ill-fated 
expedition, obtained in Davis’ Strait from a depth of 
300 fathoms, “ a capital haul, — mollusca, Crustacea, 
asterida, spatangi, corallines, &c.” ‘ The bottom was 
comp(«^ of fine green mud like that mentioned by 
Sir Edj^$r4 Sabine. 

About the year 1854 Passed-midshipman Brooke, 
IJ.S.N., invented his ingenious sounding instrument 
for bringing up samples from the bottom. It only 
brought up a small quantity in a quill. These trophies 
from any depth over 1,000 fathoms were eagerly sought 
for l)y naturalists and submitted to a searcliing micro- 
scopic examination ; and the result was very surpris- 
ing. All over the Atlantic basin the sediment brought 
up was nearly uniform in character, and consisted 
almost entirely of the calcareous shells, whole or in 
fragments, of one species of foraminifer, Olobigerina 
hiilloidcs (Fig. 2) . jVlixed with these were the shells 
of some other foraminifera, and particularly a little 
perforated sphere, Orbiilina nnicersa (Fig. 3), which 
in some localities entirely replaces Globigerina ; 
with • a fe\v shields of diatoms, and spines and 
trellised skeletons of lladiolaria. Some soundings 
from the Pacific were of the same character, so 

, * Natural History of the British 
Forbes and K. Godwin-Au-sten. P. 51. 
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that it seemed probable that this gradual deposition 
of a fine uniforpi organic sediment was almost 
universal. 

Then the question arose whether the animals which 
secreted these shells lived at the bottom, or whether 
they floated in myriads on the surface and in the 
upper zones of the sea, their empty shells falling 
after death through the water in an incessant shower. 
Specimens of the soundings were sent to the eminent 



Fio. 2. — (ilnhicjpnna huUi'idfs, IVOrhiony. Highly magnifiotl. 


inicroseopists Professor Ehrenberg of Eerlin and the 
late Professor Eaily of West Point. On the moot 
question these two naturalists gave opposite opinions. 
Ehrenberg contended that the weight of evidence 
^vas in favour of their having lived at the bottoiu, 
while Baily thought it was not probable that the 
animals live at the depths where the shells ar(; 
found, but that they inhabit the water near the 
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surface, and when they die their shells settle to the 
bottom.' 

The next high authority who ej^prcssed an opinion 
was Professor Huxley, and he was very guarded. The 
samples procured by Capt. Dayman in the ‘ Cyclops,’ 



Fig ?,.--Orhidina unirerm, D’Ofbicny. Highly magnified. 


in 1857, were submitted to him for examination, and 
in his report to the Admiralty'' in 1858 he says: — 

^ Explanations and Sailing Directions to accompany the Wind and 
Currents Charts. By M. F. Maury, LL.D., Lieut. U.S.K, Super- 
intendent of the National Observatory. 6th Edition. Philadelphia, 
1864. *P. 299, 

2 Appendix A to Deep Sea Soundings in the North Atlantic Ocean 
between Ireland and Newfoundland, made in H.M.S. ^ Cyclops,’ 
Lieut.- Commander Joseph Dayman, in tTune and July 1857. Pub- 
lished by order of the Lords Commissioners of the Admiralt}'. 
London, 1858. . 
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“ How can animal life be conceived to exist under 
such conditions of light, temperature, pressure, and 
aeration as must obtain at these vast depths ? To this 
one can only reply that we know for a certainty that 
even very highly- organized animals do contrive to live 
at a depth of 300 or 400 fathoms, inasmuch as they 
have been brought up thence, and that tlie difference 
in the amount of light and heat at 4Q)^'nfld at 2,000 
fathoms is probably, so to speak, ve^ 'Ihr less than 
the difference in complexity of organization between 
these animats and the humble Protoaj^a *nd Proto- 
phyta of the deep-sea soundings. I OQ 2 ifi| 8 , though, 
as yet, far from regarding it proved the Glo- 
hi(jerin<B live at these depths, the balhn©S^ of proba- 
bilities seems to me to incline in that direction.” 

In 1860 €)jjvTJ|^|jllich accompanied Captain Sir 
Leopold Mc(i|^|p,ck in H.M.S. ‘ Bulldog ’ on her 
sounding expediti^ii to Iceland, Greenland, and New- 
foundland, as naturalist. During the cruise soundings 
were taken, and specimens of the bottom were brought 
up from depths from 600 to 2,000 fathoms ; many of 
these were the now well-known grey ‘ Globigerina ooze,’ 
while others were volcanic detritus from Iceland, and 
clay and gravel the product of the disintegration of the 
metamorphic rocks of Greenland and Labrador. On 
the return voyage, about midway between Cape Pare- 
well and Ilockall, thirteen star-fishes came up from a 
sounding of 1,260 fathoms, “ convulsively embracing 
a portion of the sounding-line which had* been payed 
out in excess of the already ascertained depth, and 
rested for a sufficient period at the bottom to permit 
of their attaching themselves to it.” On his return 
Dr. Wallich published, in 1862, an extremely valuable 
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work, which will be frequently referred to hereafter, 
upon ‘ The Atlantic Sea-bed.’ * Hg warmly advocated 
the view that the eonditions of the bottom of the sea 
were not sueh as to preelude the possibility of the 
existence of even the higher forms of animal life, and 
discussed fully and with great ability the arguments 
which had been advanced on the other side. The first 
part only of Dr. Wallieh’s book appeared, in a some- 
what costly and cumbrous form, and it scarcely came 
into the hands of working naturalists, or received the 
attention which it deserved. At the time, however, it 
was merely an expression of iiwlividual opinion, for 
no new fact# had been elicited. Star-fishes had come 
up on several previous occasions adhering to sounding- 
lines, but the absolute proof was still wanting that 
they had lived upon the groundsill the depth of the 
sounding. Dr. Wallich referred the star-fishes procured 
to a well-known littoral species, and'complicated their 
history somewhat irrelevantly with the disappearance 
of the ‘Land of Buss.’ Fortunately the artistic if 
not very satisfactory figure which he gives of a star- 
fish clinging to the line does not bear out his detei’- 
mination eitlier in appearance or attitude, but suggests 
one or other of two species which we now know to 
bo excessively abundant in deep water in the North 
Atlantic, Ophiopholis aculeata, O. F. Mullek, or 
Ophiaeantha spimdosa, Mulleii and Troschel. 

* Th» North* Atlantic Sea- bed: comprising a Diary of the Voyage 
on board H.M.S. ‘Bulldog,’ in 18G0; and Obsen'ations on the 
presence of Animal Life, and the "Formation and Nature of Organic 
Deposits at groat Depths in the Ocean. By G. C. Wallich, M.D., 
F.L.S., F.G.S., <fec. Published with the sanction of the Lords Com- 
missioners of the Admiralty. London, 1862. 
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Dr. Wallich’s is the only book which discusses fully 
and systematically, the various questions hearing 
upon the biological relations of the sea-hed, and his 
conclusions are in the main correct. 

In the autumn of the year 1860 Mr. Elceming 
Jenkin, C.E., now Professor of Engineering in the 
University of Edinburgh, was employed by tlie 
Mediterranean Telegraph Company to repair their 
cable between Sardinia and Bona on the coast of 
Africa, and on January 15, 1861, he gave an interest- 
ing account of his proceedings at a meeting ot* the 
Institution of Civil Engineers.' 

This cable was laid in the year 1857. In 1858 it 
became necessary to repair it, and a length of about 
30 miles was picked up and successfully replaced. 
In the summer of 1860 the cable completely failed. 
On taking it up in comparatively shallow water on 
the African shore, the cable was found covered with 
marine animals, greatly corroded, and injured appa- 
rently by the trawling operations in an extensive 
coral fishery through which it unfortunately passed. 
It was broken through in 70 fathoms water a few 
miles from Bona. The sea-end was however recovered, 
and it was found that the cable which thence traversed 
a wide valley nearly 2,000 fathoms in maximum 
depth, was perfect to within about 40 miles of Sar- 
dinia. It was then picked up from the Sardinian end, 
and the first 39 miles were as sound as when it was 
first laid down. At this distance from the' shore* there 
was a change in the nature of the bottom, evidenced 
by the different colour of the mud, and the wires were 

* Minutes of Proceedings of the Institution of Civil Engineers, 
■with Abstracts of the Discussions. Vol. xx. p. 81. I.A)n(lon, 1861. 
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much corroded. Sliortly afterwards the cable gave 
way in a depth of 1,200 fathoms, gj; a distance of one 
mile from the spot where the electrical tests showed 
that the cable had been previously broken. 

With these 40 miles of cable much coral and many 
marine animals were brought up, but it did not appear 
that their presence had injured the cable, for they 
were attached to the sound as well as to the corroded 
portions. On his return, Mr. Pleeming Jenkin sent 
specimens of the animals Avhich he had liimself taken 
from the cable, noting the respective depths, to Pro- 
fessor Allman, E.ll.S., for dcternHiiation. Dr. Allman 
gives a list of fifteen animal forms, including the ova 
of a cephalopod, found at depths of from 70 to 3,200 



F^o. A.—CaryophyllUi borcaUs, Fi.emixo. Twice the natural size. No. 4o. 

fathoms. On other portions of the cable species of 
Grantia, Plumularia, Gorgonia, CargophijlUa, Alcy- 
onium, Cellepora, Betepora, Eschara, Salicoriiaria, 
Ascidia, Lima, and Serpvla. I observe from Professor 
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Eleeming Jenkin’s private journal, wliich he has 
kindly placed in ,jny hands for reference, that an 
example of CaryophylUa, a true coral (Eig. 4), was 
found naturally attached to the cable at the point 
Avhere it gave way ; that is to say, at the bottom in 
1,200 fathoms water. 

Some portions of this cable subsequently came into 
the custody of M. Mangon, Professor at the Ecole 
des Fonts et Cliaussccs in Paris, and were examined 
by M. Alphonse Milue-Edwards, who read a paper 
upon the organisms attached to them, at the Academy 
of Sciences, on the 15th of July, 1861.' After some 
introductory remarks which show tliat he is thoroughly 
aAvaro of the value of this observation as a final 
solution of the vexed question of the existence of 
animal life at depths in the sea greatly beyond the 
supposed ‘ zero ’ of Edward Eorbes, M. Milne- 
Edwards gives a list of the animals which he found on 
the cable from the depth of 1,100 fathoms. The list 
includes Murex lamellosus, Cristofoui and Jan, and 
GmsptedotHs limbdtus, Philippi, two univalve shells 
allied to the Avhelk ; Ostrea cochlear, Poli, a small 
oyster common below 40 fathoms throughout the 
Mediterranean ; Pecten teslai, Eivona, a rare little 
clam ; CaryophylUa borealis, Fleming, or a nearly 
allied species, one of the true corals ; and an unde- 
scribed coral referred to a new genus and species 
under the name of Thalassiotrochus telegrapMcus, 
A. MlLNE-EinVAUBS. 

^ Observations sur ^Existence de divers Molhisques et Zoophytes ii 
de tres grandes profondeurs dans la Mer Mediterranee : Aiinalcs des 
Sciences Naturelles ; qiiatrieme seric — Zoologie. Tome xv. p. 1 49. 
Paris, 1861. 
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It is right, however, to state that Prof. Pleeming 
Jenkin’s notes refer to only one cy two species, and 
especially to Caryophyllia boi'ealls, as attached to the 
cable at a depth of upwards of 1,000 fathoms. Prom 
this depth he took examples of Caryophyllia with his 
own hands, but he suspects that specimens from the 
shallower water may have got mixed with tliosc from 
the deeper in the scries in tlie possession of M. 
Mangon, and that^ligreforc M. Milne- Edwards’ list is 
not entirely trustworthy. 

Up to this time all observations with reference to 
the existence of living animals extreme depths had 
been liable to error, or at all events to doubt, from 
two sources. The appliances and methods of deep- 
sea sounding were imperfect, and there was always 
a possibility, from the action of deep currents upon 
the sounding-line or from other causes, of a greater 
depth being indicated than really existed ; and again, 
altliough there was a strong probability, there was 
no absolute certainty that the animals adhering to 
the line or entangled on the sounding instrument 
had actually come up from the bottom. They might 
have been caught on the way- 

Before laying a submarine telegraphic cable its 
course is carefully surveyed, and no margin of doubt 
is left as to the real depth. Pishing the cable up is a 
delicate and dillicult operation, and during its progress 
the depth is cheeked again and again. The cable lies 
on thfe ground throughout its whole length. The 
animal forms upon wdiich our conclusions arc based 
are not sticking loosely to the cable, under circum- 
stances which might be accounted for hv their having 
been entangled upon it during its jiassagc through the 
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watev, but they are moulded upon its outer surface or 
cemented to it by calcareous or horny excretions, and 
some of them, such as the corals and hryozoa, from 
what we know of their history and mode of life, must 
have become attached to it as minute germs, and have 
grown to maturity in the position in which they were 
found. I must therefore regard this ohscrvation of 
Mr. Fleeming Jenkin as having afforded the first 
absolute proof of the existences o^ighly-organized 
animals living at depths of upwar^of 1,000 fathoms. 

During the several cruises of H.M. ships ‘ Light- 
ning ’ and ‘ Porcupine ’ in the years 1868, 1809, and 
1870,' ftfty-seven hauls of the dredge were taken in 
the Atlantic at depths beyond 500 fathoms, and six- 
teen at deptlis beyond 1,000 fathoms, and in all cases 
life was abundant. In 1809 we took two easts in 
depths greater than 2,000 fathoms. In both of these 
life was abundant : and with the deepest cast, 2,4<35 
fathoms, off the mouth of the Bay of Biscay, we took 
living, well-marked, and characteristic examples of 
all of the five invcrtebi'atc sub-kingdoms. And thus 

1 Preliminary keport, by Dr. William Carpenter, V.P.K.S., of 
Dredging Operations in the Seas to the Korth of the Dritish Islands, 
carried on in Her Majesty’s steam-vessel ‘ Lightning ’ by Dr. Carpenter 
and Dr. Wyville Thomson, Profe.ssor of Natural History in Queen’s 
College, Belfast. (Proceedings of the Royal Society of London, 1868.) 

Preliminary Report of the Scientific Exploration of the Deep Sea 
in H.M. surveying-vessel ‘ Porcupine,’ during the Summer of 1869. 
Conducted by Dr. Carpenter, V.P.R.S., J. Gwyn Jeffreys, F.R.S., and 
Professor Wyville Thomson, LL.I)., E.R.S. (Proceedings of the Royal 
Society of London, 1870.) 

Report of Deep Sea Researches carried on during the months of 
July, August, and September 1870, in H.M. surveying-ship ‘ Porcu- 
pine,’ by W. B. Carpenter, M.D., F.B.S., and J. Gwyn Jeffreys, F.R.S, 
(Proceedings of the Royal Sociedy of London, 1870.) 
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the question of the existence of abundant animal life 
at the bottom of the sea has been^ finally settled and 
for all depths, for there is no reason to suppose that 
the depth anywhere exceeds between three and four 
thousand fathoms; and if there be nothing in the 
conditions of a depth of 2,600 fathoms to prevent the 
full development of a varied fauna, it is impossible 
to suppose that even an additional thousand fathoms 
would make any great dilfcrence. 

The conditions which might be expected principally 
to affect animal life at great depths of the sea are 
pressure, temperature, and the absence of light which 
apparently involves the absence of vegetable food. 

After passing a zone surrounding the land, which 
is everywhere narrow compared with the extent of 
the ocean, through which the bottom more or less 
abruptly shelves downwards and the water deepens ; 
speaking very generally, the average depth of the sea 
is 2,000 fathoms, or about two miles ; as far below 
the surface as the average height of the Swiss Alps. 
In some jdaces the depth seems to be considerably 
greater, possibly here and there nearly double that 
amount; but these abysses are certainly very local, 
and their existence is even uncertain, and a vast 
portion of the area does not reach a depth of 1,500 
fathoms. 

The enormous pressui*e at these great depths seemed 
at first sight alone sufficient to put any idea of life 
out of the question. There was a curious popular 
notion, in which 1 w'ell remember sharing when a boy, 
that, in going down, the sea-water became gradually 
under the pressure heavier and heavier, and that all 
tlio loose things in the sea tloated at dilferent levels. 



32 THE DEPTHS OE THE SELL [onAr. i. 

according to their specific weight : skeletons of men, 
anchors and shot^ and cannon, and last of all the 
broad gold pieces wrecked in the loss of many a 
galleon on the Spanish Main ; the whole forming a 
kind of * false bottom ’ to the ocean, beneath which 
tliere lay all the depth of clear still water, which was 
heavier than molten gold. 

Tlie conditions of pressure are certainly very extra- 
ordinary. At 2,000 fathoms a man would bear upon his 
body a weight equal to twenty locomotive engines, each 
with a long goods train loaded with pig iron. We are 
apt to forget, however, that water is almost incom- 
pressible, and that therefore the density of sea-water 
at a depth of 2,000 fathoms is scarcely appreciably 
increased. At the depth of a mile, under a pressure 
of about 159 atmospheres, sea-water, according to tho 
formula given by Jamin, is compressed by the ^lf of 
its volume; and at twenty miles, supposing the law of 
the compressibility to continue the same, by only i of 
its volume — that is to say, the volume at that depth 
would be f of tho volume of the same weight of water 
at the surface. Any free air suspended in the water, 
or contained in any compressible tissue of an animal 
at 2,000 fathoms, would be reduced to a mere fraction 
of its bulk, but an organism supported through all its 
tissues on all sides, within and without, by incom- 
pressible fluids at the same pressure, would not 
necessarily be incommoded by it. IVe sometimes 
find when we get up in the morning, by a rise of an 
inch in the barometer, that nearly half a ton has been 
quietly piled upon us during the night, but we expe- 
rience no inconvenience, rather a feeling of exhilara- 
tion and buoyancy, since it requires a little less exer- 
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tion to move our bodies in the denser medium. We 
are already familiar, chiefly through the researches of 
the late Professor Sars, with a long* list of animals of 
all the invertebrate groups living at a depth of 300 to 
400 fathoms, and consequently subject to a pressure 
of 1,120 Ihs. on the square inch ; and off the coast of 
Portugal there is a great fishery of sharks {Ccnlroa- 
cijmnus ccelolepis. Hoc. and Cap ), cai’ried on beyond 
that depth. 

If an animal so high in the scale of organization 
as a shai’k can hear withoirt incomenience the 
pressure of half a ton on the §quare inch, it is a 
sutlicient proof that the pressure is applied under 
circumstanees which prevent its atfecting it to its 
jirejudicc, and there seems to he no reason why 
it should not tolerate equally well a pressure of 
one or two tons. At all events it is a fact that 
the animals of all the invertebrate classes which 
abound at a depth of 2,000 fathoms do hear that 
extreme pressure, and that they do not seem to he 
aflected by it in any way. H'e dredged at 2,435 
fathoms Scrobiciilaria nilhla, Milcer, a species 
which is abundant in six fathoms and at all inter- 
mediate depths, and at 2,090 fathoms a large Tvsius, 
with species of many genera which are familiar at 
moderate depths. Although highly organized animals 
may live when permanently subjected to these high 
pressures, it is by no moans certain that they could 
survivti the change of condition involved in the ]>res- 
sure being suddenly removed. Most of the mollusca 
and annelids brought up in the dredge from beyond 
1,000 fathoms were either dead or in a very sluggish 
state. Some of the star- fishes moved for some time 


u 



:J4 THE DEPTHS OE THE SEA. [ouap. i. 

feebly, and the spines and pcdicellariae moved on the 
shells of the urchins, hut all the animals had evi- 
dently received from some cause their death-shock. 
Dr. Perceval Wright mentions^ that all the sharks 
brought up by the long lines from 500 fathoms in 
Setuhal Bay are dead ndien they reach the surface. 

Various methods have boon proposed to test the 
actual pressure at great depths, hut as all the elements 
in the calculation arc well known, it is easier to work 
out the question in the study than in the field. A 
neat instrument was constructed for tlic American 
Coast Survey. A h^ass piston or plunger was fitted 
accurately into a cylindrical hole in the wall of a brass 
water-tight chamber. The chamber was completely 
filled with water, and a clasping index on the plunger 
marked to what extent the ])liinger had been driven 
into the water contained in the chamber by the 
extreme pressure. The required indication is no 
doubt given, but such an instrument is at the same 
time an extremely delicate thcrraoscopc, and until 
lately there has been no perfect means of correcting 
for temperature. A more important application of 
the pressure-gauge is to check the accuracy of deep 
soundings. Probably the b(;st arrangement which 
has been proposed for the purpose is a long cii pil- 
lary glass tube, calibrated and graduated to milli- 
metres, open at one end, and provided with a moveable 
index to show to ivhat amount the air contained in 
the tube has been compressed by the entrancQ of the 
water. The principal objection to this device is tin; 

’ Notes on Deep Sea Dredging, by Edward Perceval Wright, M.D., 
r.L.S., Profe.ssor of Zoology, Trinity College, Dublin. (Annals and 
Magazine of Natural History, December 1808 .) 
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great difficixlty in arranging an index wliich will 
measure with accuracy the extremely small space into 
which even a long column of air is compressed when 
the pressure becomes very great. It can scarcely he 
made available beyond 1,000 fathoms (200 atmo- 
spheres). 

We have in Sir John nerschcl’s ‘ Physical Geo- 
graphy,’' and in Dr. Wallich’s ‘Atlantic Sea-l)ed,’' 
where it is given in the fullest detail, the doctrine of 
the distribution of deep-sea temperature as it seems 
to have been almost universally adopted up to the 
time of the cruise of the ‘ Lightning.’ It Avas gene- 
rally understood that Avhile the surface temperature, 
which depended upon direct solar radiation, the 
direction of currents, the temperature of winds, and 
other temporary causes, might vary to any .amount ; 
at a certain depth the temperature was permanent at 
4° C., the temperature of the greatest density of fresh 
water. It is singular that this belief should have met 
Avith so general acceptance, for so early as the year 
1833 jM. Depret/' determined tliat the temperature 
of the maxinium density of sca-Avaler, Avhich contracts 
steadily till just above its freezing-point, is - 3°’67 C. ; 
and even before that time observations of sea-tem- 
peraturcs at great depths, which Avere certainly trust- 
worthy Avithin a fcAv degrees, had indicated several 
degrees below the freezing-point of fresh Avater. 

The question of the distribution of heat in the sea, 
• • 

^ Physical Geography ] from the “ Encyclopaedia Eritannica.” Ej’ 
Sir John F. W. Ilerschel, Bart. K.TI. p. 45. Edinburgh, 18(5 1 . 

^ Atlantic Sca-bed, p. 98. 

^ Recherches snr le Maxinium de Densitc des Pissolutions aqueuses. 
(Arinalcs de Chimie, tome Ixx. IS.'hS, p. 54.) 

U 2 



THE DEPTHS OF THE SEA. 


[chap. 1. 


3G 

which is one of the greatest interest in conneetion 
with the distribution of marine animals, will be fully 
discussed in a future chapter. The broad conclusions 
to Avliich we have been led by late investigations are, 
that instead of there being a permanent deep layer of 
Avater at 4° 0. the average temperature of the bottom 
of the deep sea in temperate and tropical regions is 
about 0" C., tlie freezing-point of fresh Avatcr ; and that 
there is a general surface movement of warm Avater, 
produced probably by a combination of various causes, 
from tlie equatorial regions towards the poles, and a 
sloAV under-eurrent, or rather indraught, of cold water 
from the poles toAvards the equator. Trom cases 
Avliich arc recorded, chiefly by th(> early ximcrican 
sounding expeditions, of the sounding-line having been 
run out into long loops in soundings Avliero, from the 
nature of the sea-bed, the bottom Avater appeared to 
be still, it AA'Ould seem that there are also in some 
places intermediate currents ; but Avith reference to 
their limits and distribution avc have as yet no data. 
That a cold floAV from the polar seas passes over the 
bottom seems to l)e proved by the fact that in all 
parts of the Avorld Avherever deep temperature sound- 
ings have been taken, from the arctic circle to the 
equator, the temperature sinks Avith increasing depth, 
and is lower at the bottom than the normal tempera- 
ture of the crust of the earth ; an evidence that a 
constantly I’eneAved supply of cold Avatey is cooling 
down the surface of the crust, Avbich, b«kig a bad con- 
ductor, does not transmit heat Avith sufficient rapidity 
to affect perceptibly the temperature of the cold in- 
draught. It is probable that in Avinter, in those parts 
of the arctic sea Avhieh are not directly influenced by 
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the northern extension of the gulf stream, the Avhole 
column of water from the surface, to the bottom is 
reduced to the lowest temperature Avhich it u ill bear 
without freezing, and is thus an ample source of the 
coldest water of the highest specific gravity. 

The proof tliat the flow of the cold indraught is 
almost secular in its slowness, is that over a large 
portion of the ocean where the low bottom tempera- 
ture is known to prevail, the sea-bed is covered with 
a light fleecy deposit of microscopic organisms of 
great delicacy, into which the sounding-lead has in 
some instances sunk .several feet, and Avhich must 
inevitably be drifted away by a current of appreciable 
velocity. In all places where any jx'rceptible current 
exists, the bottom consists of sand or mud or gravel 
and rolled pebbles. In some cases also, sounding in 
the deep water of the mid-Atlantic, tlie line, after 
running out greatly in excess of the depth, has been 
found to have coiled itself in a tangled mass right 
over tlic lead — a proof of almost absolute stillness. 

In some places, owing to the conformation of the 
neierhbouring land or of the sea-bottom, warm and 
cold currents are circumscribed and localized, and this 
sometimes gives \is the singular phenomenon of a 
patch or stripe of warm and a patch of cold sea meet- 
ing in an invisible but A’orv definite lino. There is 
a curioiis instance of this in the ‘ cold wall ’ which 
defines the -western border of the gulf stream along 
the cohst ai^Massaclmsetts, and another scarcely less 
marked yrhich W'c discovered during the trial cruise 
of the ‘Lightning’ has been fully described by Dr. 
Carpenter in his I’cport of that cruise, and will be 
referred to hereafter. 
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In moderate depths sometimes the whole mass ot 
water from the surface to the bottom is abnormally 
warm, owing to the movement in a certain direction 
of a great body of warm water, as in tbe ‘ warm area ’ 
to the north-west of the Hebrides ; and sometimes 
the whole body of water is abnormally cold, as in the 
‘ cold area between Scotland and Faeroe, and in the 
northern part of the German Ocean. In deep water, 
however, after the first few hundred fathoms, the 
thermometer usually sinks gradually and very slowly 
till it reaches its minimum at the bottom, a little 
above or below the ■zero of the centigrade scale. 

The temperature of the sea apparently never sinks 
at any depth below— 3° '6 C., a degree of cold which, 
singularly enough, is not inconsistent with abundant 
and vigorous animal life, so that in the ocean, except 
perhaps within the eternal ice-banicr of the antarctic 
pole, life seems noAvhere to be limited by cold. But 
although certain sea-animals — many of them, such as 
tlie siphonophora, the salpm, and the ctenophorous 
medusm, of the most delicate and complicated organiza- 
tion — are tolerant of such severe cold, it would appear 
to be temperature almost entirely which regulates the 
distribution of species. The nature of the ground 
can have little to say to it, for on every line of coast 
of any extent almost every condition and every kind 
of sediment is usually represented. From their inha- 
biting a medium which differs but little- in weight 
from the substance of their bodies, and the great 
majority of them producing free-moving larvce or fry 
in vast numbers which are floated along from place 
to place by currents, marine animals would seem to 
have every possible chance of extending their area. 
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and yet the geographical distrilmtion of most of the 
shallow- water species is well defined, and frequently 
somewhat restricted. Unfortunately we know as yet 
very little about the general distribution of marine 
animals. Except along the coasts of Britain and 
Scandinavia, a part of the Noj’th American coast, and 
a part of the Mediterranean, we know absolutely 
nothing beyond the shore zone, or at all events beyond 
10 or 15 fathoms. AVhat little we do know is con- 
fined almost entirely to the mollusca, and is due, not 
so much to scientific research as to the commercial 
value which the acquisitive zeabof conchologists has 
])laccd upon rare shells. It may be supposed, how- 
ever, that the same laws which regulate the distri- 
bution of littoral and sub-littoral mollusca, affect in 
like manner that of shallow-Avater annulosa, echino- 
derms, and coelenterates ; indeed, from the scattered 
observations which have been made on the distril)U- 
tion of these latter groups, it seems certain that such 
is the case. 

IV'oodwaiaE regardcA the marine mollusca as occupy- 
ing eighteen wcll-dclincd ‘ ])vovinces,’ fulfilling more 
or less completely the condition of having at least one- 
half of the species peculiar to the province. Edward 
Eorbes defined twenty-five such ‘regions but it must 
be remembered that in both cases at least threc-fovirths 
of the number of areas defined were based upon the 
most imperfect knowledge of the larger and more con- 
spicuous s|toi’e shells only. It has been constantly 
observed in the few cases confined entirely to the 
shores of the North Atlantic and the Mediterranean, 

A inuixial of tlio ^follusca. By S. P. M oodwarcl. London, lb51. 
1\' 354. 
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ill Avliich dredging has been attempted at any consider- 
able depth, say 30, or 40 fathoms, that the numher of 
species common to the province dredged and to the 
pi'ovince to the north of it, is greatly increased liy 
the investigation being carried into a deeper zone.' 
Thus in the lusitanian province ]Mr. McAndrcw 
dredi^ed olf the coast of Calicia and Asturias, 212 
species, 50 per cent, of which were common to the 
coast of Norway ; and off the south of Spain 335 
species were obtained, of which 28 per cent, were 
common to Norway (boreal province), and 51 pei- 
cent, to Britain (chiefly Celtic province). The shells 
common to the two or three provinces were cliicfly 
those dredged from considerable depths. The littoral 
forms had a much more distinct aspect. The mollusca 
of the ‘ Porcupine ’ expedition have not yet been 
thoroughly worked out. They are in the hands of 
jVIr. Gwyn Jeflreys, and his preliminary reports give a 
most interesting forecast of what we may expect when 
his labour is completed. lie announces something 
like 250 new species. Some of the more interesting 
of these, and the general phenomena of their distri- 
bution, will lie referred to in a future chapter. 

The echinoderms of the expedition are more limited 
in number, and have already been examined by the 
writer with some care. The general distribution of 
the Echinodermata is not so well known as that of the 
Mollusca. There are many littoral and sub-littoral 
species. Many of these are local, but many have a 
wide geographical distribution, usually along what 
Edward Eorbes calls a ‘homoiozoic belt,’ a belt of 
nearly similar circumstances of climate extending 

' Woodward, loc. cit. p. 3(12. 
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through many degrees of longitude. l)ut few of latitude. 
As a class, however, they prefer a depth rather beyond 
20 fathoms,' beyond the reach of very violent climatic 
vicissitudes. They are conspicuous things, showing 
usually sulFiciently bold specific characters, and thus 
they arc less liable to confusion than most other groups. 
They involve in their history and economy several of 
the principal questions discussed in this volume ; while 
giving, therefore, such a brief sketch as the space at 
my disposal and the amount of my present informa- 
tion may permit, of the additions which have been 
made during our dredging cruises to the knowledge 
of the other invertebrate classes, I will use the echi- 
noderms and the protozoa principally for the purpose 
of general illustration. 

Littoral and shallowMvater species of animals must 
be much more liable to have their migrations inter- 
rupted by ‘ natural barriers,’ such as deep Avater 
tlirough Avhich they cannot pass, or currents of 
warmer or of colder water ; they must likcAvise be 
much more affected by local circumstances, such as 
extreme differences between summer and winter tem- 
perature ; so that they might bo expected to be more 
circumscribed and local in their distribution than the 
denizens of greater depths — and they certainly are so. 
The conditions of the bottom in tbe zone from 20 to 
50 fathoms arc much more equable than near the 
surface^ Direct solar radiation in temperate regions 
affecte this zone very slightly, so that it probably 

1 Distribution of ^farine Life. By Professor Edward Forbes, F.E.S., 
Pi’osident of the Geological Society. (From the Physical Atlas ot 
Natural Phenomena, by Alexander Keith Johnston, t.R.G.S., Ac. 
(ICdinburgh, I'S.'it.) 
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maintains nearly tlie same comlitions of temperature 
throngli many degrees of latitude; and Avlicn as it 
passes southwards it does become gradually affected 
by increasing Avarmtb, it may be su[)posed merely to 
sink a few fathoms deeper*, carrying its conditions and 
its fauna along rvitb it. For example, animal forms 
Avbicb abound in the Celtic province at 25 fathoms 
witli a mean temperature of 10° C. may be expected 
in greatest number in perbairs 40 or 50 fathoms, 
Avitb the same temperature, in the lusitanian proviircc. 
Such a zone may thus be continuous for a great dis- 
tance, while the surface climate lias been altering 
greatly, and the migrations of littoral forms have 
been again and again interrupted. Hut the deeper 
zone also sometimes nreets Avitb a ‘ natural barrier,’ 
as at the line of junction betAveeu the Avarm and cold 
areas already mentioned; Avbicb causes a curious 
sifting out of those spcci(*s Avbicb an* intolerant of a 
change of temperature. Thus tin* fauna of tlu* tem- 
perate nortliAvard IIoav of Avater olf the Avi'st coast ol‘ 
Scotland is materially different from that of the cold 
indraught along the cast coast. 

If there he this OA crlapping h('tAAa>en the lusitanian 
and Celtic province's, the same relation may he antici- 
pated hetAveen our oavu and the boreal province; and 
it is Avell knoAvn that this is the case, for tlu; grc'at 
majority of the mollusca Avbicb have been dredged by 
jMcAndrcAV, Harlee, and especially by (lAvyn Je'lfre'vs, 
from depths hcloAV 50 fatbojns, are identical Avith'tbose 
found in sballoAvcr Avatcr on the Scandinavian coast. 
Our recent Avork, Avbihj it has brought out more fully 
the overlapping, has gone much farther toAvards tlu* 
indication of a general laAv. 
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It seems probable that tbe distribution of marim; 
animals is determined by the cxtrcynes of temperature 
rather than by tlie means. Tlie mean winter tempera- 
ture of the surface and of moderate depths off tln^ 
north coast of Xorway is about 2'’ C., and the extreme 
about 0^ C. ; and on the coast of Greenland tlie mean 
sinks to - 1° C., and the extreme to — 3^ C. 

The temperature of the trough between Scotland 
and Eteroe at the depth of 500 fathoms is from 0" to 
— 1'’ C., and we find in that trough, along with many 
undcscribed forms which are special to very dec]) 
water, every one of the eebinoderms hitherto found 
on the coast of Scandinavia and Greenland, with the 
single exception, i l)elievc, of Op/iiofjh/pJni a 

shallow-water Greenland form among tbe ophiurids, 
and of one or two holothurids which liave as yet 
evaded us. 

Tbe teunperature of the telegraphic plateau at 1,000 
to 2,000 fathoms is apparently usually from 3' to 2 C., 
and at 2,500 fathoms in the Bay of Biscay it is 2’ C. 
Brom 800 to 2,000 fathoms all along the we.st coasts 
of Scotland, Ireland, and Brance, we have dredged 
Scandinavian echinoderms in abundance, and from 
the deep water as far south as the coast of Portugal 
I have received examples of some of the Ix'st marked 
northern forms, such as Echinus clcgaus, D. and K. ; 
Toxopueustes ch'obachieusis, 0. B. ^Muller; Brissopsis 
hjnfero; Bokres; Trijp/liis fruf/ilis, 1). and K. ; tbe 
inagmlieent* Brisinga coronata, G. O. Saks (Big. 7), 
and B. citdccucncmos, Arsjouxsex ; Btcvasfcc miU- 
luriSi ]\[. and T. ; Ophiocouthu spinutosa, ]\[. and T. ; 
Ophiocten scriceiiiii, Boubes ; Ophiogliiphu sursii, 
IjETK. ; Aslcrony.r loveni, jM. and T. ; and ^Is/cro- 
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phyton linclcii, M. and T., tVom IMr. CJwyn JcJrivys’ 
dredgings in 1870, Deep-sea forms dredged round 
our eoast identical with northern species have hcen 
usually regarded as ‘boreal outliers’ (Forbes), or at 
all events as species which liavc extended their dis- 
tribution from nortliern centres. This idea probably 
arose in a great mcasui’e from their having been 
diseovered and first -described in Scandinavia. Al e 
actually know nothing about their centres of distri- 
bution ; all we know' of them is that thev ai’e the in- 
habitants of an enormously extouded zone of special 
thermal conditions, which ‘ crops out,’ as it w'cre, or 
rather comes within range of tlie ordinary meaiis of 
observation, off the coasts of Scandinavia. 

Edward Eorhes pointed out long ago the kind of in- 
verted analogy wdiich exists between the distribution of 
land animals and plants and that of the fauna and flora 
of the sea. In the case of the land, wliilc at tlie level 
of the sea there is, in temperate and tropical i-egions, a 
luxuriant vegetation with a correspondingly numerous 
Imina, as w'e ascend the slope of a mountain range 
the conditions gradually become more severe ; species 
after species belonging to the more fortunate ])lains 
beneath disappear, and arc replaced by others whose 
representatives are only to be found on other moun- 
tain ridges, or on the shores of an arctic sea. In the 
ocean, on the other hand, there is along the shore line 
and Avithin the first fcAv fathoms, a rich and varied 
flora and fauna, Avdiich participates and sympathises 
in all the circumstances of climate Avhich affect the 
inhabitants of the land. As aa'c descend, the condi- 
tions gradually become more rigorous, the tempera- 
fun' falls, and alterations of temperature are less felt. 
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Th(^ fauna becomes more unifovni over a lar«;(“r area, 
and is manifestly one of Avliicb the shallower Avatcr 
fauna of some colder region is to a great extent a 
lateral extension, doing still deepen', the severity of 
the cold increases until Ave reach the vast undulating 
plains and valleys at the bottom of the sea, Avith their 
fauna partly peculiar and partly polar — a region the 
extension of Avhose extreme thermal conditions only 
approaches the surface Avithin the arctic and antarctic 
circles. 

h;ivc as yet very litth; exact knowledge as to 
th(! distance to Avhich the sun’s Jiglit ])enctratcs into 
the Avater of the sea. According to some recent 
expen'iments Avhieh Avill he referred to in a future 
chapter, it Avould appear that the rays capalde of 
alfccting a delicate ])hotographie lilm arc very rapidly 
cut off, their elfect being imperceptible at the depth 
of only a few fathoms. It is ])rohah]e that some 
portions of the sun’s light possessing certain 2 )ro- 
perlies may penetrate to a }nuch greater distance, hut 
it nuist he rememhered that even t he clearest sea-Avater 
is more or less tinted by susjiended opaque i)articles 
and tloating organisms, so that the light has more 
than a j)nre saline solution to contend Avilh. At all 
events it is certain that beyond the first oO fathoms 
plants arc hardy represented, and after 200 fathoms 
they are entirely absent. The question of the mode 
of nutrition of animals at great dejiths l)ecomes, there- 
fore, ;i A'ery.singular one. The practical distinction 
hetAveen 2 >hmts and animals is, that plants prepare 
the food of animals by decomposing certain inorganic 
substances which animals cannot use as tood, and 
recombining their elements into organic compounds 
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upon which aniiiials c.an feed. This process is, how- 
ever, so far as we arc at present aware, constantly 
effected under the influence of light. There seems 
to be little or no light at the bottom of the sea, 
and there are certainly no plants except such as 
may sink from the surface, hut the bottom of the 
sea is a mass of animal life. At first sight it 
certainly seems difficult to account for the main- 
tenance of this vast animal population living witli- 
out any visible means of support. Two explanations 
have been suggested. It is conceivahle that certain 

o o 

animal forms may have the power of decomposing 
water, carbon dioxide, and ammonia, and ri'-com- 
hining their elements into organic compounds without 
the agency of light. Dr. 'VVallieh supports this view, 
and in doing so he states that “ Xo exei'piional law 
is invoked, hut, on the contrary, tliat the proof of 
these organisms being imdoAved Avith the jioAver to 
convert inorganic elements for their oAvn nutrition 
rests on the undisputed poAA'er Avhich they poss(‘ss 
of separating carbonate of lime or silica from Avaters 
holding these substances in solution.” ' This, hoAV- 
CA'cr, seems scarcely satisfactory. All the substances 
emjiloycd in the nutrition of animals are offered to 
them finally in solution in Avater, and the abstrac- 
tion of these from their Avatery .solutions cannot b(^ 
regarded as a ‘ chemical si'jiaratiou.’ The broad dis- 
tinction still remains, that when carbon dioxide in 
solution is presented to a green plant .in the sun- 
shine it can decompose it, Avhile an animal cannot. 

I believe avc have a simpler explanation. All 
sea-water contains a certain quantity of organic 

^ Xortli Atlantic Soa-bed, p. l.*U. 
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matter, in solution and in suspension. Its sources 
arc obvious. All rivers contain a considerable quan- 
tity. Every shore is surrounded* by a fringe Avbicli 
averages a mile in width, of olive and red sea- 
Aveed. In the middle of the Atlantic there is a 
marine prairie, the ‘ Sargasso sea,’ extending over 
throe millions of square miles. The sea is full of 
animals, Avliich arc constantly dying and decay- 
ing. The amount of organic matter derived from 
these and other sources by the Avater of the ocean 
is very ajipreciahlc. Careful analyses of the Avator 
AV('rc made during the several ^ciniises of the ‘ I’or- 
cupinc’ to detect it and to determine its amount, 
and the quantity CAcryAvherc aa^s capable of being 
rendered manifest and estimated, and the propor- 
tion Avas found to ho verv uniform in all localities 
and at all depths. Nearly all the animals at extreme 
depths — practically all the animals, for the small 
number of higher forms feed upon these — belong to 
one sub-kingdom, the Protozoa; Avhose distinctive cha- 
racter is that they have no special organs of nutrition, 
but absorb nourishment through the Avholc surface 
of their jelly-like bodies. IVlost of these animals 
secrete exquisitely formed skeletons, some of silica, 
some of carbonate of lime. There is no doubt that 
they extract botli these substances from the sca- 
Avater ; and it seems moi’c than probable that the 
organic matter A\hich forms their soft parts is 
derivqd froQi the same source. It is thus quite 
intelligible that a Avorld of animals may live in 
these dark abysses, but it is a necessary condition 
that they must chiefly belong to a class capable ot 
being supported by absorption through the surface 
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of their bodies of matter in solution, devclo2)ini' 
but little boat, and incurring' a very small amount 
of waste by any' manifestation of vital activity. 
According to this view, it seems probable that at 
all j)eriods of tlie earth’s history some form of the 
Protozoa — rbizopods, sponges, or both— j^redomiuated 
greatly ov(?r all other forms of animal life in the 
d('2)tbs of the warmer regions of the sea. The rbizo- 
2)ods, like tlie corals of a sballowc'r zone, form huge 
accumulations of carbonate of lime, and it is 2 »‘o- 
bably to their agency that we must refer most of 
those great bands of limestone which have resisted 
time and cliangc, and come in liere and there witli 
their rich imbedded lettering to mark like milestones 
the 2)rogress of the ])assing ages. 
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CHAPTER II. 


THE CKTJISE OF THE ‘LIGHTNING.’ 

Vioposal to investigate the Conditions of the Hottom of the Sea. — 
Suggestions and Anticipations. — Correspondence hetween the 
(Jouneil of the Hoyal Society and ?he Admiralty. — Departure 
from Stornoway. — The Fieroe Islands. — Singular Temperature 
Hesults in the IVeroe Cdiannel. — Life abundant at all Depths. — 
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Summer of ISOS ; the Temperatures corrected for Pressure. 

*^* TJtr hi'arki'lrtj^v)in)hrrs to fJt>' o'iukIi'hIh in thi.'i r»'h'r fn fji*' (irrdfp'ntj 

s/n/'/nns on PJitfi' T. 

Tn tlic spring of tlie y('ar ]S(iS, my friend Dr. AV. 

Carpenter, at that lime one of the Viee-Presidents 
of the Royal Society, was wdlh me in Fridand, Avhere 
w’c Avere AAoi'king out together the structure and 
dcAadopimnit of the Criiioids. I had long. preA'iously 
had a profound eonA'ietion that the land of promise 
for th(^ paturalist, the only remaining region Avhere 
thei'o Avere endless novelties of extraordinary interest 
ready to the hand Avhich had the means of gathering 
them, Avas the bottom of the deep sea. 1 had cAam 
had a glimpse of some of these treasures, for I liad 
seeli (he vavar Ixd'on*, Avith I’rofi'ssor Sars, the forms 
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whiclx I have already mentioned dredged by his son at 
a depth of 300 to 400 fathoms off the Loffoten Islands. 
I propounded my' views to my fellotv-labourer, and 
we discussed the subject many times over our micro- 
scopes. I strongly urged Dr. Carpenter to use bis 
influence at head-quarters to induce the Admiralty, 
probably through the Council of the Iloyal Society, 
to give us the use of a vessel properly fitted with 
dredging gear and all necessary scientific apparatus, 
that many heavy questions as to the state of things 
in the depths of the ocean which Avere still in a state 
of uncertainty, miglxjt be definitely settled. After full 
consideration. Dr. Carpenter promised his hearty co- 
operation, and we agreed that I should write to him 
on his return to London, indicating generally the 
results which I anticipated, and sketching out Avhat 
I conceived to be a jxromising line of inquiry. 1'he 
Council of the Iloyal Society warmly supported the 
proposal ; and I give here in chronological order the 
short and eminently satisfactory correspondence which 
led to the Admiralty placing at the disposal of Dr. 
Carpenter and myself the gunboat ‘ Lightning ’ under 
the command of Staff-Commander May, ll.N., in the 
summer of 18G8, for a trial cruise to the nortli of 
Scotland, and afterwards to the much wider surveys in 
H.M.S. ‘ Porcupine,’ Capt. Calver, ll.N., Avliicii were 
made with the additional association of Mr. (Jwyn 
Jeffreys in the summers of the years 18(){) and 1870. 

• ^ 

From Prof. Wyville 2'komson, Belfast, to l)r. Car})entn\ V.P.Jl.B. 

May 30, 1808. 

My dkar Carpentkr, — When I last saw yon, I suggested how 
very important it would be to the advancement of science to 
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determine with accuracy the conditions and distribution of 
Animal Life at groat depths in the ocean ; 1 now resume the 
facts and considerations wliicli lead me to believe that researches 
in tliis direction promise valuable results. 

All recent observations tend to negative Edward Forbes’s 
opinion that a zero of animal life was to be reached at a depth 
of a few hundred fathoms. Two years ago, M. Sars, Swedish 
Government Inspector of Fisheries, had an opportunity in his 
official capacity of dredging off the Loffbten Islands at a depth 
of fathoms. I visited Norway shortly after his return, and 
had ail opportunity of studying with his fatlier, Prof. Sars, some 
of his results. Animal forms were ahimdant ; many of them 
were new to science ; and among them was one of vsurpassing 
interest, the small Crinoid of which you have a specimen, and 
which we at once recognized as a degraded type of the Apio- 
CRINID^, an order hitherto regarded as extinct, which attained 
its maximum in the Pear-encrinites of the Jurassic period, and 
whose latest representative hitherto known was the Bourguetti- 
crinus of the Clialk. 8ome years previously, M. Absjornsen, 
dredging in 200 fathoms in the 1 la rdanger fjord, })rocured several 
examples of a Starfish {Bri^ingtt) which seems to find its nearest 
ally in the fossil genus Protastcr. These observations place it 
beyond a doubt that animal life is abundant in the ocean at 
depths varying from 200 to ‘>00 fathoms, that the forms at these 
great depths differ greatly from those met with in ordinary 
dredgings, and that, at all events in some cases, these animals 
are closely allied to, and would seem to be directly descended 
from, the fauna of the early Tertiaries. 

I think the latter result might almost have been anticipated ; 
and probably further investigation will add largely to this class 
of data, and will give us an opportunity of testing our deter- 
inimation Of the zoological position of some fossil ty])es by an 
examination of^ the soft parts of their recent representatives. 
Tlie main cause of the destruction, the migration, and the extreme 
modification of Animal types, appears to be cliange of climate, 
chiefly depending upon oscillations of the earth’s crust. These 
oscillations do not appear to have ranged, in the northern portion 
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of the Northern Hemisphere, mueh beyond 1,000 feet since the 
commencement of tlie Tertiary epoch. The temperature of deep 
water seems to be constant for all latitudes at olV" ; so tliat an 
immense area of the Nortli Atlantic must liave laid its conditions 
unaOeeted l)y Tertiary or rost-tertiary oscillations. 

One or two other questions of the highest scientific interest 
an) to be solved by the projiosed investigations: — 

1st. The elfeet of pressure, upon animal life at great depths. 
Tliere is great misajqirchension on this point. Probably a per- 
fectly eipial pressure to any amount would have little or no 
effect. Air being highly compressible, and water compressible 
only to a very slight degree*, it is probable that under a ])n*ssnre 
of LM)() atmospheres, water may be even more aerated, and in that 
respect more capable of supporting life, than at the snrhice. 

2ikI The elfeet of the great diminution of the stimulus of 
Light. From the coiiditiou of the Lave Fauna, this latter agent 
probably affects only the development of colour and of the 
organs of sight. 

I have little doubt that it is quite practicable, with a small 
lieavy dredge, and a couple of miles of stout Manilla rope, to 
dredge at a depth of 1,000 fathoms. Such an undertaking 
would, however, owing to the distam^e and the labour involved, 
be quite b(\yond the reach of jirivate (mtiaprise. AVdiat 1 am 
therefore anxious for is, that the Admirally may he induced, 
perhaps at the instance of the (anincil of tlu; Loyal Society, to 
send a vessel (such as one of those which accompanied theLahle 
Ex])editioii to take soundings) to earry out the rc'search. T 
should be ready to go any time after duly; and if you would 
take part in the investigation, I eannot hut helicvi* that it 
Avould give good results. 

J would jiropose to start from Aberdeen, and to go first to the 
Itoekall fisliing-banks, where the depth is moderate, and thence 
nortli-westward, towards the coast of (}re(‘nland, ra.ther to the 
north of (’ape Farewell. \V(3 .should thus k(‘e]) ])r(‘tty m‘arly 
along the isothei-m of .sliortly reaching 1,01)0 fatlioms (l(‘pth, 
wljcre, allowing 1,000 f(‘et for oscillations in level, and 1,000 fe(*i 
for influence of surface-currents, summer heat, &c., we should 
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still have 4,000 lect ot‘ water whose conditions have probably not 
varied greatly since the conimeneement of the Kocene epoch. 

Yours most truly, 

Wyville Tho^ison. 

From Dr. Carpenter ^ to the PreHuUnt of the Boi/al Soctchj. 

Univeiisitv of London, BciirjNGTON House, AV. 

June mil, 18«)8. 

Dear General Sarine, — During a recent visit to llelfast, 
I had the opportunity of examining some of the specimens 
(transmitted by Drof Sars of Christiania to Prof. VVyvill(3 
Thomson) which have been obtained by Al. Sars, jnn., Inspector 
of Fisheries to the Swedish Government, by dcep-nca dredgings 
olf the coast ot >y'orway. These specimens, for reasons stated in 
the enclosed letter from Prof. Wyville Thomson, are of singular 
interest alike to the zoologist and to the paheontologist ; and tlie 
discovery of them can scarcely fail to excite, l)oth among natu- 
ralists and among geologists, a very strong desire that the zoology 
of the deep sea, especially in the Xorthern Atlantic region, should 
be more thoroughly and systimiatically explored than it has 
ever yet l^oen. From what 1 know of your own early labours in 
this held, 1 cannot entertain a doubt ot your full concurrence in 
this desire. 

8uch an ex]doration cannot be undertaken by private indi- 
viduals, even when aided by grants from JScientilic ^Societies. 
For dredging at great d(‘pths, a vessel of considerable size is 
re(piisite, with a trained crew, such as is only to be found in the 
Government service. It was by the aid of such an equipment, 
furnished by the Swetlish tJovernmenl, that the researches of 
M. Sars were carried on. 

Now, as Ihere are iiiiderstoo«l to be at the present time an 
unusual nuinbqr of gunboats and otluu* cruisers on oiir northern 
and western (’oasts, which will probably remain on iheir stations 
until tlie end of the season, it has occurred to Prot. W yville 
Thomson and myself, that the Admiralty, if niovi'd thereto by 
the Council of the Poyal Society, might be induced to phiee one 
of 'these vessels at tlu' disp<^sal ol onrstdvi’s and ot any otlu‘r 
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naturalists who might be willing to accompany us, for the 
purpose of carrying on^a systematic course of deep-sea dredging 
for a month or six weeks of the present summer, commencing 
early in August. 

Though we desire that tliis inquiry should be extended both 
in geographical range and in depth as far as is ])roposed in Prof. 
Wyville Thomson’s letter, we think it preferable to limit our- 
selves on the present occasion to a request which will not, we 
believe, involve the extra expense of sending out a coaling- 
vessel. We should propose to make Kirkwall or Lerwick our 
port of departure, to explore the sea-bottom between the Shetland 
and the Fajroe Islands, dredging around the shores and in the 
fiords of the latter (wl\ich have not yet, we believe, been 
scientifically examined), and then to proceed as far north-west 
into the deep water between the Fieroe Islands and Iceland as 
may be found practicable. 

It would be desirable that the vessel provided for such 
a service should be one capable of inaking way under canvas 
as well as by steam-power; but as our operations must neces- 
sarily be slow, speed would not be required. Considerable 
labour would be spared to the crew if tlie vessel be provided 
with a ' donkey-engine ' that could be used for pulling up the 
dredge. 

If the Council of tlie Royal Society should deem it expedient 
to prefer this request to the Admiralty, I trust that they may 
further be willing to place at the disposal of IhTjf. Wyville 
Thomson and myself, either from the Donation h\ind or the 
Government-Grant Fund, a sum of £100 for the expenses we 
must incur in providing an ample su}>ply of spirit and of jars for 
the preservation of specimens, with other scientific appliances. 
We would undertake that the choicest of such specimens should 
be deposited in the British Museum. 

I shall be obliged by your bringing this subject beibre the 
Council of the Royal Society, and remain, 

Dear General Sabine, yours faithfully, 

William B. Cakpentek. 


Thf Prcaitlrnf of the Jioytd Sonctif. 
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From the Minutes of the Council of* the Royal Society^ 
June 18, 1808. 

These letters having been considered, it was resolved, — ‘‘ That 
the proposal of l)rs. Carpenter and Wyville Thomson be ap- 
proved, and recommended to the favourable consideration of the 
authorities of the Admiralty ; and that a sum, of not exceeding 
£100, be advanced from tb.e Donation yund to meet the ex})enses 
referred to in Dr. Carpenter’s letter.” 

The following draft of a letter to be written by the Secretary, 
to tlie Secretary of the Admiralty, was approved : — 

• 

My Lord, — I am directed to acquaint you, for the information 
of the Lords (’ommissiouers of the Admiralty, that the President 
and Council of the lioyal Society have liad under their con- 
sideration a proposal by Dr. Carpenter, Vice-President of the 
Itoyal Society, and Dr. Wyville Thomson, Professor of Natural 
History in Queen’s College, Belfast, for conducting dredging 
operations at greater depths than have heretofore been attempted 
in the localities which they desire to explore — the main purpose 
of such researches being to obtain information as to the ex- 
istence, mode of life, and zoological relations of marine animals 
living at great depths, with a view to the solution of various 
questions relating to Animal Life, and having an important bear- 
ing on ecology and Paheontology. The objects of the opera- 
tions which they wish to undertake, and the course which they 
would propose to follow, as well as t])e aid they desire to obtain 
from the Admiralty, arc more fully set forth in the letter of 
Dr. Carpenter to the President, and that of Professor Thomson, 
copies of \yhich I herewith enclose. 

Tlie J^resideiit and C\)uncil are of opinion that important 
advantages may be expected to accrue to science from the 
proposed undertaking ; accordingly they strongly recommend it 
to the favourable consideration of her Majesty’s Government, 
and earnestly hope that the Lords Commissioners ot the 
Admiralty may be disposed to grant the aid requested. In such 
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case tlie scientific appliances reiiuired would be provided for 
from funds at the disposal of the Itoyal Society. 

[ am, &c., 

W. SiiAiJPKY, Sec. li.S. 

Lord J{. Lennox, M.P., Secretary of the. Adniiralty. 


Fro7n the Minutes of the Gouaeil of the lioiial Hociet}L 
for Oct. :^0, 1S(3S. 

Admiralty, 11/7/ July, 1808. 

SiPv, — 111 reply to your letter of the 2‘2nd ultimo, suhmittinL; 
a proposition from Dr. Carpenter and rrofessor Thomson to 
invest i<l'ate, by means of dred^^ii^i**, the bottom of the. sea in 
certain localities, with a view to ascertain tlie (‘xisteiice and 
zoological relations of marine animals at great d(‘pths, — a re- 
search Mdiich you and the Council of the Iloyal Socii'ty strongly 
recommend in the interests of sciimec to the favourable con- 
sideialion of her ^Majesty’s GoATinment, foi‘ aid in furtherance 
of the undertaking, — I am commanded by my Lords (Com- 
missioners of the Admiralty to ac([iuiint you tliat tlu'y are 
pleased to meet your wishes so far as the Servii'c will admit, and 
have*, given orders for her Alaji'sty’s steam-vessid Maghtning ’ to 
be prepared immediately, at Pembroke, for the ])urpose of carry- 
ing out such dredging o])erations. 

I am. Sir, 

Ahur obedient Servant, 

W. (b ItOMAixi:. 

Tv tio' PrrsifUnt of Uo' Itoyal Sorirty. 

It Avill 1)0 .seen l)y the letters iVoin my eolleai^iie 
and myself wliat our ideas were at that time, and a\ hat 
our anticipations as to the result of our labours. W'e 
both more than doubted tlie ‘anti-biotie’ view which 
was then very generally received, and we expetted to 
be able to trace a relationship lietwecu the living 
inhabitants of the deep sea and the fossils of some of 
the later geological formations wliich we looked ujion 
as their direct and not very remote ancestors. We 
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had adopted the current strange misconception with 
regard to the distribution of ocean temiierature ; and 
it is perhaps scarcely a valid excuse that the fallacy 
of a universal and constant temperature of d’ C. 
below a certain depth varying according to latitude, 
Avas at the time accepted and taught by nearly all 
the leading authorities in Physical Geography. 

Prom the time that the Admiralty gave tlunr 
sanction to the use of a Government vessel for the 
investigation, Dr. Carpenter’s labours in working out 
all the necessary arrangements and preparations av ere 
unceasing, and to his intluencc»in the Council of the 
Iloyal Society, and to the confid(.'nce placed in his 
judgment by meinl)ers of the Government and men 
in olUcial positions, the success of tlie undertaking is 
unquest ionahly due. 

Tlie survc'ying ship ‘ Lightning ’ aa'us assigned for 
tlie service - -a cranky little vessel enough, one Avhich 
had the somcAvhat doubtful title to respect of being 
perhaps the very oldest paddle-steamer in her 
iVlajesty’s navy. We had not good times in the 
‘ Lightning.’ She kept out the Avater inqierfectly, 
and as avc had deplorable Aveathev duriiig nearly the 
Avhole of the six A\eeks aa c AAcre allotit, avc A\ ere in con- 
siderable discomfort. The vessel, in faet, Avas scarcely 
seaAvorthy, the iron hook and screAV-jack iastenings of 
the riggiiAg AAcre Avorn Avith age, and many ot them 
Avm-e carried aAvay, and on tAvo occasions the ship ran 
some risk. Still the A^oyage Avas on the aaIioIc almost 
pleasant. Stall-Commander May had lately returned 
from Anneslcy Pay, Avherc he had been harbour-master 
during the Abyssinian Avar ; and his iiitclligcnce and 
vivacity, and the cordial good-felloAvshii) ot his otiicers. 



58 


THE DEPTIIE OF THE SEA. 


[chap. ii. 


Avho heartily seconded my colleague and myself in our 
work and sympathised with us in our keen interest 
in the curious results of the few trials at great depths 
Avhich we had it in our power to make, made the 
experience, a very novel one to us, certainly as 
tolerable as possible. 

The ‘ Lightning ’ left Pembroke on the 4th of 
August, 1808, and arrived at Oban on the evening 
of the 0th. At Oban Dr. Carpenter, his son Herbert, 
and I joined, and, after having taken observations 
for the chronometers, completed coals and water ; 
and being otherwise ready, we left 01)au on the 8th 
of August, anchored on that evening in Tobermory 
Bay, and after a gusty passage through the Minch 
Ave reached StornoAvay on the evening of the 9th. 
At StornoAvay avc Averc received by Sir James and 
Lady jMatheson Avith a courteous hospitality, Avhich 
on many subsequent occasions has made us IcaA^c 
their island kingdom A\’ith regret and return to it 
Avith pleasure. Wo took in as much coal as Ave 
could carry, stowing as much as aaus safe in bags 
on the deck, sed up a dredging derrick OA"cr the 
stern, took final observations, and departed to the 
nortliAvard on the morning of the 11th. We took a 
haul or two the same afternoon in from GO to 100 
fathoms, about 15 miles to the north of the Butt of 
the Lcavs, to try our dredging-tackle and donkey- 
engine and to trace the limits of tin; shallow-Avater 
species. All the appliances AAorked av(u1, but the 
dredge brought up fcAV animal forms, and all of them 
Avcll-knoAvn inhabitants of the seas of the Hebrides. 
The next day we Avcrc met by a breeze frotii the N.E., 
Avhich continued for three days Avith such force that 
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we were compelled to lie-to under canvas, drifting to 
the northward towards the edge o^ the F^roe Banks, 
any attempt to dredge being out of the question. 
On the 13th, during a lull, we sounded and found no 
bottom at 450 fathoms (Station 1, PI. I.), with a 
minimum temperature of 9°’5 C., the temperature of 
the surface water being 12'’-5 C. This was so high a 
temperature for so considerable a depth that we sus- 
pected some error in the indications of the thermo- 
meters, three of Six’s registering instruments of the 
Hydrographic Office pattern. Subsequent observa- 
tions, however, in the same locality showed us that 
the temperature to the depth of GOO or 700 fathoms 
in that region is the moderate temperature of the 
northward current of the gulf stream. 

The F&roc Banks are greatly frequented in the 
fishing season by English and foreign fishing-smacks. 
Of course the principal object is to prepare cured or 
hard-fish, but many of the English vessels are welled 
for the supply of fresh cod for the London market. 

A large square tank occupies the middle of the 
vessel, and holes in the sides allow the water to pass 
freely through it. The water in the tank is thus 
kept perfectly fresh ; the best of the cod are put into 
it, and they stand the voyage perfectly. It is curious 
to see the great creatures moving gracefully about 
in the tank like gold-fish in a glass globe. They are 
no doubt ‘ quite unaccustomed to man,’ and conse- 
quently they are tame ; and Avith their long smooth 
mottled faces, their huge mouths, and lidless un- 
speculative eyes, they are about as unfamiliar objects 
as one can well see. They seem rather to like to 
be scratched, as they are greatly infested by caliyi 
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and all kinds of suctorial copepods. One of them will 
take a crab or a large fusus or buceinum quietly out 
of one’s band, and with a sliglit movement transfer it 
down its capacious tliroat into its stomach, where it 
is very soon attacked and disintegrated by the power- 
ful gastric secretions. In a Avellcd smack I visited 
on one occasion, one of the fish bad met with some 
slight injury which spoiled its market, and it made 
several trips in the well between London and Faeroe 
and became quite a pet. The sailors said it knew 
them. It was mixed up with a number of others in 
the tank Avhen I was on board, and certainly it was 
always the first to come to the top for the chance of 
a crab or a bit of biscuit, and it rubbed its ‘head 
and shoulders ’ against my hand quite lovingly. 

On the lotli and 10th we dredged over tbc Fieroe 
Hanks at a depth of from 200 to 50 fathoms, the 
bottom gravel and nullipore, and the temperature 
from 8’ to 10° C. The banks swarm with tlie com- 
mon brittle star Ophiothrix fragilis, with the Norway 
lobster Nephrops norvegiens, large spider crabs, several 
species of the genus GaUilhea, and many of the genus 
Crangon. So ample a supply of their favourite food 
readily accounts for the abundance and excellence of 
the cod and ling on the banks. 

There is some rough rocky ground on the Ftbroe 
Banks, and notwithstanding all possible care and the 
use of Hodge’s ‘ accumulators ’ to case the strain on 
the dredge ropes, we lost two of our best dredges and 
some hundreds of fatlioms of rope. On the morning 
of tlic 17th we sighted Fteroe, as usual only getting 
now and then a glimpse of the islands of tliis remote 
little archipelago by the lifting of the curtain of mist 
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which almost constantly envelopes them. Towards 
mid-day the weather improved little, and as we 
threaded among the islands towards the little harbour 
of Thorshavn we greatly enjoyed our first view of 
their fantastic outlines, partly slirouded in their veil 
of mist ; their soft green and l)rown colouring ren- 
dered still softer hy the subdued svih-arctic light, and 
the streams and cascades embi'oidering the gentle 
slopes of the hills and falling over the cliffs like 
silver tlu‘('ads and tassels. 

The Emroo Islands are basaltic ; terrace over 
terrace of soft easily decomposed anamesitc probably 
of Miocene tertiary age.- This uniform structure, 
and the al)sence of trees or any prominent form of 
vegetation, gives a singular sameness of effect. The 
scattered habitations are usually sad-coloured and 
roofed with growing turf, so that they are actually 
invisible at a little distance, AV'e were greatly struck 
sometimes hy the difficulty of estimating distance 
and height ; fi’om the total want of familiar objects 
for comparison it was sometimes difficult to tell, 
passing among the islands and looking at them 
through the moist tran.sparent air, whether the 
ridge Avas 500 feet high, or double or four times that 
height. The intermediate height is usuallv neai’est 
the truth. 

Thorshavn, the capital of Fierce, is a strange little 
place. The land shelves down rather abruptly to a 
little bay, round the head of which the town is built ; 
and the habitations are perched among the rocks on 
such fiat spaces as may be found for their reeei)fion. 
The result is irregular and pieturesipie ; and very 
peculiar, for something like a scramble is neec'ssary 
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to get along some of the principal ‘ streets.’ Above 
the town a little clearing forms a miniature lawn 
and garden gay with bright floAvcrs in front of the 
Governor’s house, a pretty wooden cottage residence 
like a villa in a suburb of one of the Scandinavian 
towns. 

Fteroe, witli its wet sunless climate and precarious 
crops of bai’ley ; its turf-thatched cottages and quiet 
little churches ; its glorious cliffs and headlands and 
picturesque islets, the haunt of the eider-duck and 
the pulBn ; and its hardy, friendly islanders, with their 
quaint, simple, semi Icelandic semi-Danish customs, 
has been described again and again. Faeroe only came 
to us as a pleasaiTt haven of rest in the middle of our 
northern work. ^Ve paid" it two visits of a week each 
in successive years, and one of the most pleasant 
memories in the minds of all of us connected with 
these expeditions will always he the cordial sympathy 
which we received from our friend M. Ilolten the 
Danish Governor, and his accomplished wife, M. 
Ilolten received us Avith the most friendly hospitality, 
and did everything in liis power at all times to render 
us assistance and to further our vicAVS. He introduced 
us to the leading inhabitants of his dominion, and 
during the many pleasant evenings Avhich Ave s[)ent 
at his residence Ave heard all that we could of the 
economy of this simple little community, perhajAs the 
most primitive and the most isolated in Europe. To 
Governor Ilolten 1 have already had the pleasure of 
dedicating a singularly beautiful sponge-form Avhich 
we discovered during our return voyage ; and to 
Madame Ilolten, to Avhose graceful pencil I am in- 
debted for tlie vignettes of Fan-oc scenery which so 
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appropriately close these chapters, I now dedicate 
this volume, in remembrance of the great kindness 
Avhich we invariably experienced from her and from 
her excellent husband. 

We lay in Thorshavn harbour till the 2Gth of 
August, the weather being so bad as to make all idea 
of pursuing our wox*k outside hopeless. Whenever it 
was possible we dredged in the fjords with rmroese 
boats and native boatmen, and we made the acquaint- 
ance of Syssclman M filler, the representath e of Fieroe 
in the Danish Parliament, who had made himself 
thoroughly conversant with the. mollusea of Pieroe, 
and had contributed his information to a list published 
in 1807 by Dr. O. A. L. Morch. The shallow-water 
fauna seems to he scanty, as we find frequently to be 
the case on a bed of decomposing trap. It is of a 
character intermediate between that of Shetland and 
the Scandinavian coast. The forms which perhaps 
interested us most were Fusus desj}ectu8, L. — a hand- 
some shell which may possibly be only a very marked 
variety of Fusus au/iqnus, L. ; but if so, it is one with 
very definite limit of distribution, as it occurs only 
rarely in very deep water in the British seas. In water 
of moderate depth among the Pieroes it is abundant, 
apparently replacing F. caitiquus. Another common 
Pieroe shell is Telllua calmrea, CiiKiiNiTZ, — a very 
abundant British glacial clay fossil, but not hitherto 
found recent in the British area. In the glacial clays 
near lldthesay it is in regular beds associated with 
Mya tnincatoy L., var. nddecallensis, Pokbes ; Saxi- 
cava norvegica, Spiiengleii ; Fecten ialandicus, O. F. 
Muller, and other northern forms, and frequently 
so fresh that the two valves are still in position and 
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lield together by their connecting ligament. A some- 
what peculiar yaviety ot Echinus sphtem, O. E. MOllbk, 
was met with in one of the ijords associated with a' 
large form of E. Jicmingii, Ball ; and what apj)cars to 
be a small form of Cucumaria frondosa, Gunnbh, was 
very common in shallow water on the tangles. 

While we were lying in Thorsliavn harbour the 
Danish gunboat ‘ Eylla’ and the Ercnch steam trans- 
port ‘ L’Orient ’ came in on. their way from Iceland. 
Both of the vessels from the north had come tlwough 
bad weather, and were glad to run into shelter. During 
the stay of tlie threp war-ships the little capital was 
quite gay, and the Governor had abundant opportunity 
of exercising his genial hospitality. On tlie 20th of 
August, as the barometer rose a little and- there 
seemed to be some slight sign of improvenioit, Ave 
left Thorsliavn and steamed southward to dredge if 
possible in the deep channel between Eteroc and Shet- 
land; but the same evening wild weather set in again 
Avith a strong gale of Avind from the north-AA^estAvard, 
and the barometer doAvn to 29-08. The hook and 
scrcAA'-jack fastenings of the main-rigging Avent one 
after another, and avc narroAvly escaped losing the 
mast. The gale lasted till the 29th, Avhen there Avas 
rather better Aveather ; and after lying-to and drifting 
to the north-east for nearly three days, avi; took a 
sounding in lat. (KT 45' N., long. 4° 49' W. (Station (5). 
This gave a depth of 510 fathoms and a bottom tem- 
perature of 0^ C. On the evening of tlui 29tj.i and 
on the 30th the Aveather AA^as sufficiently moderate to 
alloAv us to AA'ork our dredging gear, and the ffrst 
trials were of great interest, as it Avas our first oppor- 
tunity of making the attempt in so great a depth of 
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water. The operation seemed, however, to present no 
speeial diffieulty, and nearly every haul Avas success- 
ful. The bottom was sand and gravel, mostly derived 
from the disintegration of the old rocks of the Scottish 
plateau. Animal life was not abundant, but several 
groups were fairly represented. Sandy rhizopods of 
a large size were numerous, and tlun’e Avere several 
conspicuous crustaceans and eebinoderms, among the 
latter an example of Asluopecton leuaiiiipinus, of a 
brilliant scarlet colour, Avhich came up entangled on 
the lino. 

On the 81st bad Aveather set iij again, and Ave could 
neither sound nor dredge. On the 1st of September 
wo got one temperature sounding in 550 fatboms Avitb 
— 1°-2 C., but could do no work. 

Tlic next day, September 2, Avas more moderate, 
and Ave dredged all day at a depth of only 170 fathoms 
over a very restricted shoal, which, singularly enopgh, 
Ave could not lind A\d»en avc sought for it the year 
after in the ‘ Porcupine.’ Here Ave found animal 
life abundant and varied — a mixture of Celtic and 
Scandinavian forms. The bottom aaus chiefly small 
rounded pebbles of the dark anamesitc of the I’leroes, 
and sticking to them, singly or in little groups like 
plums on their stems, AA'cre many large specimens 
of the rare brachiopod TerchroiuUt crainiiiit, O. P. 
jM-ULLKR, along with abundance of tbe commoner 
form Tcrehyotnlina eupnt-neipenth, ]j. 

Tlui following day, September 8, Ave were again in 
deep water, about 500 fathoms, Avith a bottom tem- 
perature a little beloAV the freezing-point, the thermo- 
meter at the SAU’facc giving 10"’5 C. Here Ave took 
representatives of many invertebrate groups— rhizo- 

K 



(j(} THE DEPTHS OF THE SEA. [chap. ii. 

pods, sponges, echinoderms, crustaceans, and molluscs; 
among them a magnificent specimen of a new star- 
fish which has hcefi since described by M, G. O. Sars 
under the name of Brisinga coronata (Fig. 6). The 
genus Brisinga was discovered in 1853 by M. P. Chr. 
Absjdrnsen, who then dredged several specimens of 
another species, B. endecacnemos, Absj., at a depth 
of 100 to 200 fathoms in the Ilardangerfjord on 
the Norway coast a little to the south of Bergen. 
These are certainly very wonderful creatures. At 
first sight they look intermediate between ophiurids 
and star-fishes, the arms too thick and soft for the 
former, but much more long and delicate than we 
usually find them in the latter group. 

The disk is small, about 20 to 25 mm. in diameter ; 
in B. endecacnemos nearly smooth, in B. coronata 
covered with spines. The madreporiform tubercle is 
on the dorsal surface close to the edge of the disk. A 
firm ring of calcareous ossicles forms and supports the 
edge of the disk, and gives attachment to the arms. 
The arms are ten or eleven in number : the latter 
number is probably abnormal. They are sometimes 
as much as 30 centimetres in length ; narrow at the 
base, where they are inserted into the ring ; cnlai’ging 
considerably towards the middle, where the ovaries are 
developed ; and tapering again to the end. Hows of 
long spines border the ambulacral grooves ; the spines 
are covered with a soft skin, which, when the animal is 
quite fresh, forms a little transparent, sack-like expan- 
sion full of fluid at the end of each spine. Tlic soft 
covering of the spines is full of small pcdicellarite, 
and pedicellarise are likewise scattered in groups over 
the surface of the arms and disk. 
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The arms in JB. endecacnemos are nearly smooth, 
ribbed transversely, here and there by slightly raised 
caleareous bands passing irregularly partly or Avholly 
across them. In B. eorouata these ridges are sur- 
mounted by erests of si)ines. Both species are of 
a rich crimson, colour, passing into orange-scarlet. 
'J’he arms ar® easily detached from the disk. We 
jiever got one of either species nearly entire, but even 
coming up in pieces they were certainly, the most 
striking objects we met with. One was sufficient to 
give a glorious dash of colour to a whole drcdgcful. 
“ Le nom Brisinga "est derive d’un bijou bidllant 
(Brising) de la deesse Ereya,” which brings a pleasant 
flavour of Scandinavian heathendom about it. “ J’ai 
trouve cette Astcrie brillantc a ITardangcrfjord a I’aide 
du dredge a la fin du mois d’aout 1853, a la profon- 
dcur de 100 a 200 brasses, on elle etait placec sur le 
plan lateral ct perijcndiculaire d’unc montagne, qui 
semblait descendre de 80 a 90 brasses jusqu’a 200 
brasses ct mcme do plus. Ellc sc trouve bien rare- 
ment ; en draguant plus de huit jours avee beaucoup 
d’assiduite dans la memo localite et dans les environs 
je trouvais seulemcnt quelques bras, et quelqucs indi- 
vidus plus ou moins grands, dont le plus petit entre 
les pointes des bras opposes avait uno grandeur do 0 
pouees, le plus grand environ 2 pieds de diam^tre. 
Aucun d’eux n’etait sans ctre endommage ; I’animal 
est extrernement fragile ct semblc, comme les coma- 
tules et quelqucs esp6ces d’Ophiolepis et d’Ophiotrix, 
a cause de la pression diminuantc de I’cau, tire vers 
la surface, par un effort vigoureux, sc defairc de cos 
bras, qui toujours se detachent a I’endroit oil ils sont 
unis avec I’anneau du disquo. Le surpois du bras en 



CHAP. II.] THE CRUISE OF THE ‘LIGHTNING: 


69 


comparaison du disque trt^s petit, et la grandeur con- 
siderable de I’auimal, augmente aussi les difficultes a 
le faire sortir du dredge sans ctre dechire. Quoique 
je fusse assez heureux pour le saisir avant qu’il sortait 
de I’eau, et naalgre toute la precaution possible, je 
reussis sculement a conscrver deux disqucs d’une paire 
de bras fermes, mais a ccux-ci meme* le peau etait 
rompue. Quand I’animal cst complet et coherent, 
ainsi que je I’ai vu une ou deux fois sous I’eau dans 
le dredge, all est veritablement un exemplairc de luxe, 
une ‘ glorfa maris.’ ” ^ 

The bad weatiier was unrelenting, and again inter- 
riipted us for a couple of days : we got a sounding, 
however, on the 5th of S^ptembci’, in lat. 60° 30' N. 
and long. T 10' "W., with no bottom at 450 fathoms 
and a minimum temperature about the freezing-point. 
It will be seen by the chart that the last five stations. 
Nos. 7 to 11, form an obliqiie line from south-east to 
north-west between the northern part of Orkney and 
the Ejferoe Bank. The bottom is throughout a mixture 
of gravel and sand, with patches of mud ; Nos. 7 and 8 
principally the debris of the metamorphic rocks of 
the north of Scotland ; Nos. 9, 10, and 11 chiefly 
volcanic, the detritus of the Pf’eroe traps. This line 
of soundings is cntirclv within what we afterwards 
learned to call the ‘ cold area,’ the thermometer for 
depths below 300 fathoms indicating a temperature 
slightly above or below 0°'C. 

As we were uqav again approaching the Pseroe 
fishing-banks, w'e shaped oiir course southwards, and 

’ Description (Vim Xonvc.'iu Genre lies Asti'ries, par ]’. Chr. Abs- 
jiirnsen, in “ Fauna littoralis Xorvegiie,” by Dr. M. Sars, J. Keren, 
and D. C. Danielssen. Seconde I.ivraison. Hi*rgen, ISoG, p. lb). 
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on the morniii" of September 6th we sounded and 

dredged in lat. 59° .36', long. 7° 20' (Station 12), with a 

depth of 530 fathoms and a ‘warm area’ temperature 

of 6° 'li C. The dredging here was most interesting. 

The bottom was for the first time ‘ Atlantic ooze,’ a 

fine bluish-grey tenacious calcareous mud, with some 

sand and a considerable admixture of GlohUjeriutv. 

Imbedded in this mud there came up an extraordinary 

number of silicious sponges of most rem^kable and 

novel forms. Most of these belonged to>an order 

wliich had been described by the writer a' couple of 

years before as ‘ Porifora vitrea,’ a tribe at that time 
»■ 

but little kiiown, but which have sij^c^^beoome very 
familiar to us as denizens of th6 abyssal zon(\ 
IVorking from more extended data, Professor Oscar 
Schmidt afterwards defined the group more exactly 
as a family, under the name of Ilexacliuellidw — the 
term which I shall here adopt. 

The relations and peculiarities of this singular 
group will be fully discussed in a futui’e chapter. 
The most characteristic forms which wo met with on 
this occasion were the beautiful sea-nests of the 
Setubal shark-fishcrs, UoUenla carpenleri, IVv. T. 
(Pig. 6), and the even more strange Jlijalonema 
limtanicum, Barboza dk Bocagk, closely related to 
the glass-rope sponges of .Japan which have so long 
perplexed naturalists to determine their position in 
the animal Series, and their relation to their constant 
companion the parasitic Falylhoa . . 

Jloltenia corpenteri is an oval or sphere 90 to 100 
mm. in height, with one large oscular opening at tin' 
top about 30 mm. in diameter, whence a simjde 
cylindrical cavity cupped at the bottom pass(;s down 
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vertically into the substance of the sponge to the 



Fi<; () — <vr/’y»r/ifrr/, Wvvii ii; Tm»Msos. Half the iianira si/e. (Xo. li!.) 


depth of 55 mm. The outer wall of the sponge 
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consists of a complicated network of the cross-like 
heads of live-raypd spicules. One ray of each 
spicule dips directly into the body of the sponge, 
and the other four, which arc at right angles to it, 
form a cross on the surface, ghdng it a beautiful 
stellate a}>pcarance. The silicious rays of one star 
curve towards and meet tlie raySi^^f th.e neighbouring 
stars, and run parallel with rays of 

all the spicules are thickly invfeslt^ '^th^Consistent 
s(*mi-iransparent gelatinous matter, \^^iiqli,l)inds their 
concurrent branches together by an elastic union, 
and fills 4lp the aug'les of the meslies with softly 
eurvmd viscous niass<;s. This arrangehii^t of tin; 
spicules, free and yet adhering together by long 
elastic connections, produces a strong, ilcxible, and 
very extensible tissue. The cylindrical oscular cavity 
within the spoii’ge is lined with nearly the same kind 
of network. 

When the sponge is living, the interstices of the 
silicious network arc tilled up both outside and in 
with a delicate tenestrated membrane formed of a 
glairy substance like white of ('gg, which is con- 
stantly moving, exhniding or contracting the fenestraj, 
and gliding over the surface of the spicules. This 
‘ sarcode,’ which is the living llesh of the sponge, 
contains distributed through it an infinite numher 
of very minute spicules, ])resenting tl^§;^^ most sin- 
gular and elegant forms very charact^stic of each 
species of sponge. A constant cuiTont of water 
carried along by the action of cilia passes in by 
apertures in the outer wall, courses through the 
passages in the loose texture of the intermediate 
sponge-substance eai’rying organic matter in solution 
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jiiid particles of nourishment into all its interstices, 
and finally passes out by the lar^e ‘ osculurn ’ at the 
top. Over the upper third of the sponge a multitude 
of radiating rigid silicious spicules form a kind of 
ornamental frill, and from the lower third a perfect 
maze of delicate glassy filame}its, like tine A\'hite hair, 
spread out i^^,d|i»ctions, penetrating the semi-fluid 
mud, sponge in its precarious bed 

by increasinpltfel^^ce indefinitely while adding 
but little to its^iHght. 

This is only one of the ways by which sponges 
anchor themselves in the odze of th^deep sea. 

right down through the soft 
mud a coiled whisp of strong spicules, each as tliick 
as a knitting needle, which open out into a brush 
as the btfd gets firmer, and fix the sponge in its place 
somewhat on the principle of a screV jiile. A very 
singular sponge from deep water olf the Loffotcn 
Islands spreads into a thin circular cake, and adds 
to its surface by sending out a flat liordcr of silky 
spicules, like a fringe of Avhite floss-silk round a 
little yellow mat ; and the lovely Etiplectella, Avhose 
beauty is imbedded up to its fretted lid in the grey 
mud of the seas of the Philippines, is supported by 
a frill of spicules standing up round it like Queen 
Elizabeth’s ruff. 

Tlie spjg^es of the deep-water ooze are by no 
means, cofini^^d to one group. The llexoclineUkhr 
are fierhaps the most abuudant, but corticate sponges 
even, closely allied to those Avhich look so rigid when 
fixed to stones in shallow watei', send out long anchor- 
ing spicules and balance themselves in the soft mud 
(Fig. 7); and olf the coast of Portugal Hr. (iwyn 
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Jeffreys dredged in. 1870 sevei'al small forms of 
the Ilalichondridaiy with long supporting flbrous 
beards. 

From its appearance when brought up IloUenla 
evidently lives buried in tlie mud to its upper fringe 



Fio. 7,-’Thiii!it)ifi(i (irforici/orrais, Wvmi.i.k Tiiom.^'ON. Natnrftl size, ^No. TJ ) 

of spicules. Wlum freshly dredged, it is loaded with 
pale grey semi-fluid sarcode, full of Glohujei'iine, 
TviloculhuT, and other rhizopods, and covered in our 
northern localities with the little ophiurid 
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abyssicola, Sars, and the exquisitely delicate trans- 
parent clam, l^eclen vitreus, Chemnitz. Holtenia 
extends from the Butt of the Lews to Gibraltar, in 
from 500 to 1,000 fathoms. Mr. Saville Kent, 
dredging in iVlr. Marshall Hall’s yacht ‘ Xorna,’ found 
a singular variety off tlic coast of Portugal, which 
from its flatter,. moEe,. hemispherical form, and more 
rigid anchoring 'sipicttlfes, probably inluibits a firmer 
medium.' 

As might be expected, the Atlantic ooze of this 
station, rich in rhizopods giving an ample supply of 
food, and with a comparatively •mild climate, yielded 
many living forms belonging to various orders. Along 
with GlohUjerhm and other small forms there were 
many large rhizopods, among them RhnbOammwa 
dbi/ssonim, S.VRs, a singularly regular trii’adiate sandy 
form of a bright orange colour, and very hard ; from 
aualysi's made by Dr. IVilliaifison- at the request of 
Dr. Carpenter, its hardness is apparently owing to 
the cement employed by the animal in the construc- 
tion of its case containing phosphate of iron, the 
only instance of the use of this substance for such 
a purpose of which we are yet aware ; Astrorhha 
Umicula, S.vndaiil, a large irregularly-formed rhizo- 
])od with a soft test of mud and sand : many large 
Coio/itsplra; and Texluloria', and large Bi- and Tri- 
loenliiKv £g.i(l other miliolines ; a few zoophytes, and 

especially common the curious sea-pen Kophobelcm- 

• 

^ Oil the Hcxnctiin'llitliv, or Hexrailiatc S[>iL‘uliHl Silicious Spoiigos, 
talvLMi in tlio ‘Is'orna’ l’'xpo(litiou oil' tlio coast of Portugal; ^Yitll 
J)i?sciij)tion of ]N\nv Species and Revision of the Order. ]>y W. vSaville 
Kent, K.L.S., K.R.M.S, of the (Jeulogical Departiiiont. Ihilish 
MnstMiiii. (Monthly ^licroscopic dtnirnal. XoviMiiher 1st, 1S|0.) 
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mon ’iniillei'i, Saks, anti the fine branching coral, 
Lophoholia proUfei'o, Pallas : among Echinodcrms 
some beautiful varieties of JEchimis norvegicus, D. and 
K., E. elegans, D. and K., Ophioclcn sericetim, Pokbes, 
and Opliiacantha spiuulosa, M. and T., which seems 
to he univei'sal in deep water, and the curious little 
crinoid Ithizocrinus loffotensiSy Sabs, which will be 
described hereafter : some remarkable crustaceans, 
including as one of the most prominent a scarlet 
Miinida with remarkably large brilliant eyes, of the 
colour and lustre of burnished copper. 

We now proceeded towards Stornoway, which wc 
reached on the 9tli of September, dredging on our 
way in shallowing water, and still meeting Avith in- 
teresting things such as Aniedon celticus, Eabkett, 
collected previously by Mr. Gwyn Jefireys on the 
coast of lloss-shire ; abundance of ‘ the piper,’ Cidaris 
paj)ill(tta, Leske, until lately one of tlie prizes of the 
Britisli collector, now known to ho peidiaps the most 
abundant of the larger living forms at depths from 
250 to 500 fathoms in the British seas. 

The weather now looked more ])romising. I was 
unfortunately obliged to return to my duti(!s in 
Dublin ; but as the results alrctidy obtained led Dr. 
Carpenter strongly to desire an opportunity of ex- 
amining both the temperature and the animal life 
of still deeper Avaters, it Avas thought by him and 
Captain May that, notAvithstanding the lateness of the 
seaso!^ it Avould be worth Avhilc to venture aiiother 
short iCruise in a Avcstcrly direction, Avhere it Avas 
knoAvn from j)revious soundings that the depth Avas 
beyond 1,000 fathoms. Accordingly, after refitting^ 
an o])cration Avhieh in some respects Avas sorely 
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needed, and restoring as far as possible the lost 
dredging gear, tlie ‘ Lightning ’ onee more steamed 
out of Stornoway Harbour on tlie Idtli of September. 

After a fine run of 140 miles in a north-westerly 
direction from the Butt of the Lews, a sounding was 
taken on the morning of September 15th, in lat. 
51)" 69', long. 9° 15', with a bottom of Atlantie ooze, 
at a depth of 650 fathoms (Station 11). Still running 
north-westward sixty miles further, another sound- 
ing was taken on the 18tb, at 570 fathoms, when the 
seoop of the sounding instrument brought up scarcely 
anything but entire Glohioerbut^ like the finest sago. 
Fifty miles further, in the same direction, bottom 
was found at 050 fathoms ; but on this occasion 
the sounding lead and three thermometers were un- 
fortunately lost in hauling up, so tliat the tempera- 
ture was not ascertained. A haul of the dredge was 
taken, hoAVcver, at this great depth, 120 fathoms 
deeper than at any of the previous stations, perfectly 
successfully, the dredge bringing up 2-^- cwt. of very 
viscid greyish Avhite mud. The mud Avas everywhere 
traversed bv the long glassy root-fibres of anchoring 
sponges, and about 50 fatboms from the dredge there 
were two white tufts of such fibres sticking to the 
rope, no doubt pulled off the ground, as they en- 
tangled in their meshes some ophiurids, some small 
crustaceans, and one or two tube-forming annelids. 
In tbc. mud was a remarkable sea-pen, wbich Pro- 
fessor Kblliker, Avho has undertaken the description 
of such things procured in our several expeditions, 
refers to a new genus under the name of Bathy- 
ptilum CGvpenleri, and some large foraminifera. 
Hr. Carpenter now stood due north, Avisliing to get 
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into the deep trough between the Hebrides and 
llockall, and on the morning of September 17th 
sounded at a depth of G20 fathoms, in lat. Gir It)', 
long. 12° 30', with a ‘ warm art^a ’ tempcu’ature. 

The weather now again broke, beeame too im- 
favourable for work, and grew worse until the fore- 
noon of the 20th, wlien St. Kilda was in sight and it 
was blowing a strong gale with a heavy sea. At day- 
light on Monday the 21st, olf Barra Head the south 
point of the Hebrides, a fresh easterly Avind blowing, 
the barometer low aird appearances suspicious, Ca])!. 
Mav did not deem it .advisable to stand to sea as?ain. 
He therefore, after consultation with Hr. Carpenter, 
determined to conclude the work, proceeded down tluj 
Sound of ]\Iull, and anchored at Ohan on tlie same 
afternoon. 

At Ohan Hr. Carpenter and his young son, wlio 
liad manfully borne no litth' hardship and helped to 
lighten the evil times to liis seniors, Avent on shore 
and proceeded soutliAvards by land. 

Her fate pursued the ‘ Lightning.’ After lying a 
couple of days at Ohan, Captain .May started for 
Pembroke on tlie 21th September. On the 25111, 
olf the Calf of Man, the barometer having suddenly 
fallen and the wind and sea fast rising, he didennincd 
to run for Holyhead, avIkui suddenly, without ineri'ase 
of Aviiid and in a roll not heavier than usual, the Avhole 
of the Aveatlier fore-rigging Avent hy the straightening 
or breaking of the iron hooks which held it. Luckily 
the mast did not fall, and after an hour sjient in 
t(.‘mporarily repairing it the ‘ Lightning ’ proc(!edcd 
on her course and anchored in the lU'w haj-hour of 
Holvhead about 0 r.M. 



7i) 


CIIAI". II. I rilK CRUISE OF THE ‘ LIGBTNINO: 

Tlie general results of the ‘ Lightning ’ expedition 
were upon the whole as satisfactory as we had ven- 
tured to anticipate. The vessel wa^ certainly not well 
suited for the purpose, and the weather throughout 
the cruise was very severe. During the six weeks 
which elapsed between our departure from Oban and 
our return only ten days were available for dredging 
in the open sea, and on four of these only we were in 
water over 500 fathoms deep. On our return Dr. 
Carpenter submitted to the Iloyal Society a pre- 
liminary report on the general results of the cruise, 

' and these were regarded by the Qouncil of the Society 
as sufficiently new and valuable to justify a strong 
representation to the Admiralty urging the importance 
of continuing an investigation which liad already, 
even under unfavourable circumstances, achieved a 
fair measure of success. 

It had been shown beyond question that animal 
lile is varied and abundant, represented by all the 
invertebrate groups, at depths in the ocean down to 
(550 fathoms at least, notwithstanding the extra- 
ordinary conditions to Avliich animals are there 
exposed. 

It liad been determined that, instead of the Avater 
of the sea beyond a certain depth varying according 
to latitude having a unifoinn temperature of .t C., an 
indraught of Arctic AA^atcr may liaA’o at any depth 
beyond the inlluencc of the direct rays of tlie sun a 
tcmp9rature so Ioav as — 2^ C. ; or on the other hand, 
a Avarm current may have at any moderate depth a 
temperature of G°’5 C. : and it had been sboAvn that 
great masses of Avatcr at dilferent temperatures are 
moving aiiout, each in its particular course; main- 
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taiiiinij' a rciiiavkable system of 0(;eaiiic circulation, 
and yet keeping so distinct from one another that 
an hour’s sail may he sullicient to pass from the 
extreme of heat to the extreme of cold. 

I’inally, it liad been shown that a large proportion 
of the forms living at great depths in the sea belong 
to specif's hitherto unknown, and that thus a new 
Held of boundless extent and great intc'rest is open 
to the naturalist. It liad l)een further shown that 
many of these i e(‘p-sea animals ai’o speeitieally idcmti- 
eal Avith tertiary fossils hitherto believed to he extinct, 
Avhile others associate themselves Avilh and illustrate 
extinct groups of tlu' fauna of more remote ])eriods ; 
as, for exa i pie, the vitreous spong('s illustrate and 
unriddle the A'cntrieulitc's of tlu* chalk. 
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CHAPTER III. 

THE CRUISES OF THE ^PORCUPINE.’ 


The Equipment of the Vessel. — The first Cruise, under the direction 
of Mr. Gwyn Jeffreys, off the West Coast of Ireland and in the 
Channel between Scotland and Rockall. — Dredging carried down 
to 1,470 fathoms. — Change of Arrangements. — Second Cruise; to 
the Bay of Biscay. — Dredging successful at 2,435 fathoms. — Third 
Cruise ; in the Channel between Fieroo and Shetland. — The Fauna 
of the ‘ Cold Area.’ 

Appendix A. — Official Documents and Official Accounts of preliminary 
Proceedings in connection witli the Explorations in II. M. Survey- 
ing-vessel ‘Porcupine,’ during the Summer of 18G9. 

Appendix B. — Particulars of Depth, Temperature, and Position at the 
various Dredging Stations of H.M.S. ‘Porcupine,’ in tho Summer 
of 18G9. 

*** The bracketed numbers to the woodcuts tfi this chapter refer to the drcd(jin(j 
stations on Plates //., ///., and IV, 

On the 18th of March, 1869, an oral communication 
was made by the Ilydrographer to the Navy that the 
Lords Commissioners of the Admiralty had acceded 
to the wish of the Council of the Royal Society, and 
that H.M. Surveying-vessel ‘Porcupine’ hacNbeen 
assigned for the service. 

The equipment of the ‘ Porcupine ’ progressed rapidly 
under the direction of her commander. Captain Calver, 
with the careful superintendence in all matters hearing 
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upon the efficiency of the scientific appliances, of 
Dr. Carpenter assisted by a committee composed of 
the officers and a few of the members of the Eoyal 
Society. Tlie ‘ Porcupine,’ though a small vessel, was 
well suited for the work ; thoroughly seaworthy, very 
steady, and fitted up for surveying purposes. Captain 
Calver and his officers had long been engaged in the 
arduous and responsible duty of conducting the siir- 
vey of the east coast of Britain, and were trained to 
minute accuracy and thoroughly versed in the use of 
instruments and in the bearings of scientific investi- 
gation. The crew were chiefly knoAvn and tried men, 
Shetlanders who had spent many successive summers 
in the ‘ Porcupine ’ under Captain Cah'er’s command ; 
returning to their homes in Shetland for the winter, 
Avhile the vessel was laid up and the officers employed 
in bringing up their office work at their head-quarters 
in Sunderland. 

The working of the dredge was superintended 
throughout by Captain Calver, whose trained ability 
very early gave him so complete a mastery over the 
operation that he found no difficulty in carrying it 
doAvn to depths at Avhich this kind of exploration 
Avould have been previously deemed out of the ques- 
tion. It is impossible to speak too highly of the skill 
he displayed, or too Avarmly of the sympathy he shoAved 
in our Avork. It is a pleasure to add that the other 
ollieers of the ‘ Porcupine,’ StatT-Commander Inskip, 
Mr. iavidson, and Lieutenant BroAAming,most heartily 
and zealously seconded their commander in pi'omoting 
alike the scientific objects of the expedition and the 
Avelfarc and comfort of all Avho Avere engaged in carry- 
ing them out. 
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As it was intended tliat the exploration in the 
‘ Porcupine ’ in the- summer of 18G9 should occupy 
much more time, and if possible be much more 
thorough than that in the ‘ Lightning ’ the year 
before, the preparations for the ‘ Porcupine ’ expedi- 
tion Avere much more elaborate and comprehensive. 
The Committee of the Iloyal Society Averc d(!sirous 
that A'arious important questions as to the physical 
condition and chemical com2)osition of the Avatcr at 
great depths should be investigated ; and the singular 
temperature results of the former cruise al)ly discussed 
by Dr. Carpenter in hfs jireliminary report had excited 
so much curiosity and interest that their further clu- 
oidation Avas regarded as vicing in importance Avith 
that of the distribution and conditions of animal life. 
It Avas consequently decided that the naturalists diiajct- 
ing the ex])edition should ho acconijAanied by assistants 
trained in cliemical and physical Avork, and the chart- 
room of the vessel was lifted up as a temporary 
laboratory, Avith 2)hysical and chemical apparatus 
and microscopes. 

The vessel Avas aA'ailahle IVom the beginning of 
May to the middle of September, and as it was im- 
2 )Ossible for those avIio had conducted the 2 >i^‘ovious 
expedition to be absent so long from their 2>>iblic 
duties, it Avas resolved to have three se2)arat(.' cruises; 
and Mr. Gwyn Jelfreys, P.ll.S., Avhose co-opci'ation 
Avas specially valuable from his thorough knowledges 
of the species and distribution of recent and fossil 
mollusca, VA'^as associated Avith Dr. Car 2 )enter and 
myself, and undertook the scientific charge of the 
first cruise. 

Mr. Gavvu Jelfreys Avas accom 2 >anied by Mr. W. 
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Lant Carpenter, B.Sc., as eliemist and physicist ; and 
during the first cruise tlioy explored the west coast of 
Ireland, the Porcupine Bank, and the channel between 
Bockall and the coast of Scotland. It was originally 
arranged that the second expedi tion, under the charge 
of tlie Avriter Avith the assistance of Mr. Hunter, 
M.A., F.C.S., assistant in tlic Chemical Laboratory in 
Belfast, in tlio physical department, should take up 
the ground to tlie north of llockall, leading nortlnvards 
to the point AAdxcre avc had left off the year before ; 
hut suhscquc'ntly, for reasons AAdiich Avill he exjdained 
hereafter, aa"c altered our plan and took the second 
cruise in the Bay of Biscay. Dr. Carpenter took the 
direction of the last cruise, in AA'hich aa c carefully 
Avorked OA'er the ‘Liglxtning channel,’ and checked 
our previous observations ; AI r. P. Jlerhert Carpenter, 
our former companion in the ‘Lightning,’ doing the 
analy.ses of watc'r, and deterixiining tlu' amount and 
comi)ositiou of its contained air; Avliile I AA'cnt as 
supernumerary and made myself generally useful. 

'I'he special appliances and ap])aratus Avhieh Avere 
prepared under Dr. Carpenter’s superintendence, after 
lUAich consultation among o.xjxerts in dilferent depart- 
numts, for carrying out the various investigations, will 
he described, each in its pla<*c, Avhen describing tlxe 
several methods of investigation and tlieir general 
results. 

For the management of the dredging oixcrations 
two 'assistants Avere appointed on tlu' recommendation 
of Mr. (jAvyu Jeffreys,- ]\[r. Laughrin, of Polpt'rro, 
an old coast-guard man and an associate of the 
liinnacan Society, for dredging and sifting : and Mr. 
B. S. Dodd, for picking out, cleaning, and storing 
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tlie specimens procui'cd. ]3otli remained with us the 
whole summer. 

The first cruise of the ‘ Porcupine ’ under the scien- 
tific charge of Mr. Gwvn Jelfrcys commenced on tli<‘ 
]8th of May and ended on the 13tli of July. It ex- 
tended for a distance of about 450 miles alonjp the 
Atlantic coasts of Ii'eland and Scotland, from Cape 
(Tear to Eoekall ; and included Loin’ll Swillv and 
Loimh Fovlc and the Xorth Channel to Pelfast. 

o •/ 

The first dredgings were made about 40 miles off 
N'alentia, in 110 fathoms wafer with a bottom of 
mud and sand. The result of this dredging gives a 
fair idea of the fauna of the 100-fathom line on the 
west coast of Ireland. The mollusca are mostly 
northern species, such as Neonut roslrala, SptiKNur-KR ; 
Ve7'ticordia abyssicola, J in'i’iucYS ; Dentiiliion 
soi'iim, S.vRS ; Bitcchnn)). Penxktt; 

and Bleiiroloma ciH'uialion, Pi vox .\. Some however, 
as Oatrea cochlear, Pom ; Aporrha'is scrrch-iatnix, 
]\[icii.\ir) ; 3f}irex laiticllosvr, Ckistoi'ori and Jax ; 
and Ti'ochits f/ ran a la las, Porn, — arc iMed iter ran can 
forms, and impart somewhat of a southern character 
to the assemblage!. Cidaris i)a]>illala, liESKR; Echi- 
nus rarispi)ia, G. O. Bars; E. eleguus, D. and K. ; 
Spalauyns ranch), Loven ; and siweral varieties of 
Caryoph)jll)a horealis, 1'leyiino, were abundant: 
hut those species seem to abound at a depth of from 
100 to 200 fathoms from the Mediterranean to the 
North Cape. 

After coaling at Galway they proceeded southwards, 
and as the weatlier. was very rough and unpromising 
they dredged in shallow water, from 20 to K) fathoms, 
in Dingle Pay: and the next wec’k, with improving 
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weather, off Valentia and between Valentia and 
Galway, at depths varying froni 80 to 808 fathoms 
(Station 2), with a temperature at the latter depth of 
5°' 2 C. The general character of the fauna was that 
which we have hitherto been in the habit of regard- 
ing as Northern. Several interesting things were 
met with — Nuctila tumidnla. Malm. ; Leda frigida, 
ToiiELL ; Verticordia ahyssicola, Jeffreys ; and 
Si^phonodentalium quinquangulare, Porbes. Among 
the echinoderms a multitude of the large form of 



Fig. rhumlfohkii, Fauuh irs. Young. Twice the natural size (No. 3 ) 


Echinus norvcgicus, B. and K., which I am now 
inclined to regard, along with several of its allies, as 
a mere variety of E. Jlemingii, Ball ; and the fine 
asterid already mentioned, Brisbiga coronata, G. O. 
Sars.’ Some interesting crustaceans, including 
Cronopiax rhomboides, Fab. (Fig. 8), a well-knoun 
Mediterranean species, and a young specimen of 
Oeryon iridens, Kroyer (Fig. 9), a rare Scandinavian 
form, and the only known North European bra- 
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cliyurous crustacean which had not previously been 
taken in the Britisli ,seas. 

Here the itillcr-Casella thermometers were tried 
for tlic first time and eompared with those of the 
ordinary construction. The minimum recorded by 
one of the former was 5°-2 C., while that recorded by 
one of the best ordinary instruments of the Hydro- 
graphic Olfice pattern was 7'’'3 C. As this difterence 
of 2° C. was almost exactly what the results of the ex- 
periment previously made had indicated as the effect 



IK. — fl( I Vruing Twicf Ihe ii.il ni:ii si/.e No 7) 


of a pressui’C of I ton on the square inch, which is 
about equal to the pressure of a column of s(‘a-water 
of 800 fathoms, this close coincidence gaAo gTcat 
confidence in the practical working of the protected 
instrument, a confidence which all subsequent ex- 
perience has fully justified. 

Mr. Gwyn .Jeffreys and his companions next pi*o- 
posed to examine the sea-bed between Galway and 
Porcupine Bank, a slioal discovered during one of 
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tlie previous cruises of our little vessel uuder the 
command of Lieut. Hoskyn, EvN. The deepest 
dredging of this excursion was 1,230 fathoms, with 
a minimum temperature of 3°‘2 C., and a bottom of 
fine grey mud with a considerable admixture of 
sand. Animals were abundant even at this great 
depth : among the mollusca several new forms allied 
to Area ; Trochus minutismnus, Miguel, a North 
American species; and several others; several crus- 
taceans, and many interesting foraminifera. As in 
previous di’edgings in deep water, the miliolincs were 
of very large size, and tlie large* cristelhirians showed 
every gradation in their axis of growtli from the 
rectilineal to the spiral. In the shallower dredgings 
of this cruise the general character of tlie fauna was 
much the same as before. It had what wo have been 
in the habit of considering a northern ‘facies,’ but 
probably, as already explained, because tbe largely 
extended dcep-ivater fauna at a tempci’ature of 
(T to 4- 3" C., of whicli it forms a part, has hitherto 
only been investigated otf the coast of Scandinavia, 
where it crops up within reacli of observation. 

Limopsis ain'ild, lliuxx'iu ; Area glacAalis, Guay; 
I crliconlUi chiisHicola, Jetfueys; Deutal'unn abi/s- 
ftonii)/, Saks ; Trochita cine revs, Da Costa ; Fnsuft 
(lespcelnx, li. ; F. ifthouJicm, Cue.m ; F. feiu stratus, 
Tukt; Colmnheihi hoJitreli, Jeffkkys; Cidaris papif- 
Leske; Fe/iinns noircgicns, D. and K. ; and 
LophbhHia prolifera, Pallas, were found in tlicse 
dredgings. 

The ‘Porcupine’ next put into Killibegs Bay, on 
the nortli coast of Co. Donegal, and coaled there for 
her trip to liockall. As it was anticipated that this 
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trip would require a clear fortnight, as much coal 
was stacked on deck as Avas considered prudent. 

This cruise Avas entirely successful. The weather 
Avas remarkably fine, and Mr. Gwyn Jeffreys’ party 
found it possible to work the dredge during seven 
days at depths exceeding 1,200 fathoms, and on four 
days at less depths. The greatest depth achieved Avas 
1,470 fathoms (Station 21), and this dredging yielded 
mollusca, a stalked- eyed crustacean with unusually 
large eyes, and a fine specimen of IlolotJmria trcmula. 

The deep dredgings in this trip yielded an ahund- 
atice of novel and most interesting results in every 
sub-kingdom of the invertebrates. Among the mol- 
lusca Averc A^alves of an imperforate hrachiopod, with 
a septum in the lower valve, Avhich Mr. Jeffreys 
proposes to name Atretia gnomon. Among the Crus- 
tacea were new species of the Diastylidui, and many 
forms of Isopoda, Amphipoda, and Odracoda, several 
of them ncAv to science. 

Tavo or three specimens Avere obtained at a depth 
of 1,215 fathoms (Station 28) of a very remark- 
able echinoderm belonging to the genus Potir- 
kdesia, A. Ag. All these specimens Avere appa- 
rently immature, judging by the condition of tlu; 
ovaries. I have named this species provisionally 
Punrtalesia pjhkde. After careful consideration 1 
have come to the conclusion that it is not the 
young of a form of Avhich avc aftcrAvards took a 
mature example in the cold area hetAveen Pj'eroc and 
Shetland (Station 64), Avhich Avill ho described here- 
after. Fine corals were constantly dredged in the 
more moderate depths, particularly groat living masses 
of Lophohelia prolifera (Fig. 30), Avith smaller tufts 
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of Aniphihelia ramea, and everywhere the several 
varieties of Caryophyllia borealis. 

The foraminifera, as before, were remarkable for 
their size, and the same types were predominant ; 
but species were here obtained for the first time of a 



Pm. 10,— CAU^Ksmt MSS. Moiiiiitlod. i.Xo. ) 


peculiarly interesting Orbitolite, a type not hitherto 
discovered farther north than the [Mediterranean, 
and there attaining a comparatively small size. 
Orh'dolites lemmsinms, Caiu'ENTKR INISS. (Fig. 10), 
is when complete about the size ot a sixpenct, and as 
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thin as paper. From its extreme tenuity and the 
ease with which the rings and chamherlets of which 
it is composed separate from one another, all our 
large specimens were more or less injured. All 
the chamherlets are on the same plane; this spe- 
cies therefore belongs to the ‘ simple typo ’ of the 
genus, though the form of the chamherlets corre- 
sponds, as -Dr. Carpenter has pointed out, with those 
of the superficial layer in the complex type. Another 
])eculiarity which Dr. Carpenter regards as of special 
importance in its general hearings, is that, instead of 
commencing with a central ’ and ‘ circumambient ’ 
chamber like the ordinary Orbitolilcft, tliis form com- 
mences Avith a spine of several turns like that of a 
young Cornits^piro, thus shoAving tlic fundamental 
conformity of this cyclical type to the spiral plan of 
groAvth.^ 

As I ha\'e already mentioned, it Avas the original 
intention to devote the seeond cruise to the exploration 
of an area to the AACst of the outer ITebrides, hetAA'een 
Kockall and the south-Avestern limit of last year’s 
AA'ork in the ‘ Lightning.’ During tin* first cruise, 
hoAA'CA'er, dredging had been carried down successfully 
to a di'pth of nearly 1,500 fat);)^tn%; and the result 
so far realized our ahticipatic^^l^ s^i| ^^firmed tlu' 
experience of last year. The |^fl:d!t4ons (to tliat 
great depth at all cvent.s) were consistent w ith the lite 

^ Itcsearches on th(3 Foraiiiinifera. Part 1. In tin; Pliilos^^opliical 
Transactions of the Poyal Society of f.ondon for tlie year ISno. 
P. 193 et seq. 

Introduction to the Study of the Foraminifera. I>y William 15. 
Carpenter, iM. Ih, F.P.S., F.L.8., F.G.S., Piihlishcd for the Ray 
Society, 1^02. P. \{)i) i^t seq. 
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of all the types of marine invertebrata ; though 
undoubtedly in very deep water the number of species 
procured of the higher groups was greatly reduced, 
and in many eases the individuals appeared to be 
dwarfed. Prom these observations (which thoroughly 
corroborated those of Dr. Wallich and others, about 
which there had been some difierence of opinion on 
account of the imperfection of the appliances at the 
command of the observers), we concluded that prob- 
ably in no part of the ocean were the conditions so 
altered by deptli as to preclude the existence of 
animal life, — that life had no 'bathymetrical limit. 
Still we could not consider the question thoroughly 
settled ; and when upon consultation with Captain 
Calvcr we found him perfectly ready to attempt any 
depth, and from his previous experience sanguine of 
success, Ave determined to apply to the Hydrographer 
to sanction an attempt to dredge in the deepest sound- 
ings within our reach, viz. 2,500 fathoms indicated 
on the chart 250 miles Avest of Ushant. The deepest 
ri'liable soundings do not go much beyond 3,000 
fathoms ; and avc felt that if Ave could establish the 
existence of life, and if we could determine the 
conditions Avith accuracy doAvn to 2,500 fathoms, the 
general question, would be Aurtually solved for all 
depths of the ocean, and any further investigation of 
its deeper abysses would be mere matter of curiosity 
and of detail. The Hydrographer cordially acquiesced 
in this fchange of plan ; and on the 17th of July the 
‘ Porcupine ’ left Bedfast under the seientitie direction 
of the Avriter ; jMr. Hunter, P.C.S., Chemical Assistant 
in Queen’s College, Bellast, taking charge of the 
(‘xamination and analysis of the sea-Avater. 
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The weather was very settled. On the Sunday, as 
we steamed down the Irish Channel there was nearly 
a dead calm, a slight mist hanging over the water 
and giving some very beautiful effects of coast 
scenery. On the evening of Sunday the 18th we 
anchored for the night off Ballycottin, a pretty little 
port about fifteen miles from Queenstown, and 
dropped round to Queenstown on Monday morning, 
where we anchored off Haulbowline Island at 7 a.m. 
At Queenstown Mr. P. Herbert Carpenter joined 
Mr. Hunter in the laboratory, to practice under his 
direction the gas-ana'iysis, which it had been arranged 
that he should undertake during the third cruise. 
Monday the 18th was employed in coaling and pro- 
curing in Cork some things which were required for 
the chemical department ; and at 7 i’.m. wc cast off 
from the wharf at IlaulboAvlinc and lu’oceeded on 
our voyage. 

During Monday night we steamed in a south- 
westerly direction across the mouth of the Channel. 
On Tuesday wc dredged in 71 and 75 fathoms on 
the plateau which extends between Cape Clear and 
Ushant, on a bottom of mud and gravel with dead 
shells and a few living examples of the generally 
diffused species of moderate depths. The weather 
was remarkably fine, the barometer 30‘25 in., and 
the temperature of the air 22’-5 C. 

On Wednesday, July 21, we continued our south- 
westerly course, the chart indicating during the earlier 
part of the day that we were still in the shallow 
water of the plateau of the Channel. At 1-.30 a.m. 
wc dredged gravel and dead shells in 05 fathoms, but 
towards mid-day the lead gave a much greater depth ; 
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and in the afternoon, rapidly passing over the edge 
of the plateau, we dredged in 725 fathoms with a 
bottom of muddy sand (Station 3G). This is about 
the bathymetrical horizon at which we find the 
vitreous Sponges in the northern area ; and although 
the bottom is here very different, much more sandy 
with but a slight admixture of globigerina ooze, we 
dredged a speeimen, tolerably perfeet though dead, 
of Aphrocallistes hocagei, Wright, a vitreous sponge 
lately described by Dr. E. Perceval Wright from a 
specimen procured by Professor Barboza de Bocage 
from the Cape- Verde Islands, and one or two small 
speeimens of Holtcnia carpenteri, Wy. T. The 
muddy sand eontained a considerable proportion of 
gravel and dead shells. 

On Thursday, July 22, the weather was still re- 
markably fine. The sea was moderate, with a slight 
swell from the north-ivest. We sounded in lat. 47° 38' 
N., long. 12° 08' W., in a depth of 2,435 fathoms 
(Station 37), when the average of the IMillcr-Casella 
thermometers gave a minimum temperature of 
2°-5 C. 

As this was about the greatest depth which we had 
reason to expect in this neighbourhood, we prepared 
to take a cast of the dredge. This operation, rather 
a serious one in such deep water, will be described 
in detail in another chapter. It was perfectly suc- 
cessful. The dredge-hag which was safely hauled 
on dtfck' at 1 o’clock on the morning of the 23rd, 
after an absence of 7| hours and a journey of up- 
wards of eight statute miles, contained 1^ cwt. of 
very characteristic grey chalk-mud. The dredge 
appeared to have dipped rather deeply into the 
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soft mud, as it coutaiiiod amorplious paste Avith but 
a small proportion of fresli shells of Globigerina 
and OrbtiUna. There was an appreciable quantity 
of ditfused amorphous organic matter, Avhich Ave 
Avere inclined to regard as connected, whetlier as 
processes, or ‘ mycelium,’ or germs, Avith the various 
shelled and shell-less Protozoa, mixed vei'y likely 
Avith the apparently universally distributed moner 
of deej) Avater, Bathybim. 

On careful sifting, the ooze Avas found to contain 
fresh examples of each of ‘the Invertebrate sub-king- 
doms. When examined at daylight o)i tlie morning 
of the 23rd none of these Avere actually living, but 
their soft parts Averc perfectly fresh, and there Avas 
ample evidence of tlveir liaving been living Avhen 
they entered the dredge. The most remarkable 
species Avere : — 

Mollusca. — Denlalium, sp. n., of large size. 

Pectea fcneslrulns, Poubks, a Mediterranean 
species. 

Dacrydiimi vUrcum/HonvAA.-, Arctic, Norwegian, 
and Mediterranean. 

Scrobiculuria nitida, MijLLini ; Norwegian, 
Eritish, and Mediterranean. 

Xewru obesci, Lovf:x ; Arctic and Norwegian. 

CiiusTACKA. — Anonyx hotbollii, KnoYnii {—A. den- 
tioidatus, Bate), Avith the s(?condary appendage 
of the ui)pcr antennse longer and more slender 
than in .shalloAV-Avater specimens. 

Ampeliscu (nquicornis, BiirzEurs. 

Ilnnno, .sp. n. 

One or two Annki.ides and (jEI'iivjuoa, Avhich ha\'(‘ 
not yet been determined. 
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EcliiNoujiliifATA . — Ophiocteu sericeum, Eoubes ; 
several well-grown specimens. 

J^chinocuciimis typica, Saks. Tliis seems to be a 
Very widely distril)uted species ; we got it in 
almost all our deep dredgings, both in the 
warm and in the cold areas. 

A rcmarkaldc stalked crinoid allied to Rhizocriniis, 
but presenting some very marked diirercnces. 

PoLYZOA. — Salivornaria, sp. ii. 

CdCLENTERATA. — Two fragments of a hydroid 
zooiihyte. 

Protozoa. — N umci’ous foraminifera beloniyim; to 
the groups already indicated as specially charac- 
teristic of these abyssal waters ; together with a 
branching flexible rhizopod, having a chitinous cortex 
studded Avith globigerime, Avhieh encloses a sareodic 
medulla of olive-green hue. This singular organism, 
of Avhieh fragments had been detected in other dredg- 
ings, here presented itself in great abundance. 

One or two small SroXGES, Avhieh seem to be 
referable to a ncAv group. 

On Priday, July 2:5, avo tried another haul at 
the same depth; but Avhen the dredge came up at 
1.30 i’..Ai. it Avas found that the rope had fouled and 
lapped right round the dredge-bag, and that there 
Avas nothing in the dredge. The dredge Avas sent 
down again at 3 i>..Ai.,and Avas brought Aip at 11 p.ai., 
Avith upwards of 2 CAvt. of ooze. — \Vc got from 
this haul a ucav species of Pleurotomo and one of 
Dculalittnt ; Scrolticularut uUida, ]\Ii ller; Dao'y- 
diiim rdrciaii, Torei.u ; Opfiiacdiil/ia spiindom, ]M. 
and T. ; and Ophioclen kniyeri, Li tken ; Avilh a 
fevA' crustaceans and many foraminilera. 


n 
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In both of these last deep dredgings the dredge 
brought up a large number of extremely beautiful 
Poli/ci/stiiia, and some forms apparently intermediate 
between Polycystinci and Sponges, whieh will be 
described shortly. These organisms did not seem to 
be brought from the bottom, but appeared to be sifted 
into the dredge on its way ixp. They were as numerous 
adhering to the outside of the dredgiug-I)ag as within 
it. During the soundings taken near this locality 
quite a shower of several beautiful species of the 
Polycystina and Acanlhometrina fell u2)on the chart- 
room skylight fromThe whole length of the soxiuding- 
line while it was being hauled in. 

We were now steaming slowly back toAvards the 
coast of Ireland; and on IMonday, July 20, we 
dredged in depths varying from 557 to 581- fathoms 
(Stations 39-41) in ooze, Avith a mixture of sand and 
dead shells. In these dredgings Ave got one or tAvo 
very interesting aleyonarian zoophytes, and several 
ophiurideans, including Jrayilis, Amphhim 
ballii, and Ophiacanlha spinidosa. Alaiiy of the 
animals Averc most brilliantly phosphorescent, and avc 
were afterAvards CA'cn more struck by this phenomenon 
in our northern cruise. In some places nearly every- 
thing brought up seemed to emit light, and the mud 
itself Avas perfectly full of luminous specks. The 
alcyonarians, the brittle-stars, and some annelids 
were the most brilliant. The Pennatula;, the Viryu- 
lari(jB, and the Gorgonm shone with a lambent Avhitc 
light, so bright that it slioAved quite distinctly the 
hour on a Avatch ; Avhile the light from Ophiacanlha 
spinulosa Avas of a brilliant green, coruscating from 
the centre of the disk, noAV along one arm, now along 
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another, and sometimes vividly ilhiminatiny tlu' Avhole 
outline of the star-fish. 

On the 27 th we dredi^ed in 802 fatlioms (Station 42) , 
the weather l)eing still very fine, and the sea quite 
smooth. The bottom Avas ooze, Avith sand and dead 
shells. Amon" the IVfollusca procured were a noAV 
species oi ]?leuronectio , Leda ahystsicola (Ai’ctic), Leda 
messinensis (a Sicilian tertiary fossil), Dentulixm 
yigas (sp. n.), Siphonodfintalinm (sp. n.), CerUhlnm 
metula, Amaur(i{^p.\\.), Colnmhella Induvell, CyVichnu 
pyramidata (Norwegian and jMediterranean), and 
many dead shells of C(H'olin\i Irlnpuiosa. These 
latter Avere Aery common in all the northern dredg- 
ings, though we never saw a living specimen on the 
surface. 

During the aft(‘rnoon avc took a series of inter- 
mediate temperatures, at intervals of 50 fathoms, from 
the bottom at 802 fathoms to the surface. 

On tlie 28th wc dredged in 1,207 fathoms (Station 
43), Avith a bottom of ooze. A large Fiisus of a ncAV 
species {F. attcmialus, Jeffreys) Avas brought up alive, 
with tAvo or three Gephyrea, and an example each of 
Ophiocten, scviceum and Fc/iiiiocuriii/iis typica. "VVe 
again dredged on the 20th and 30th, gradually draAV- 
ing in towards the coast of Ireland in 805, 458, 180, 
and 113 fathoms successively (Stations 44, 45). In 
458 fathoms (Station 45) we procured a broken 
example of BriFmya eudrcaciwmos, previously taken 
by Mr. Jeffreys off Valentia, and a numher of 
interesting IMollusca ; and in 458 and 180 fathoms 
(Stations 15 and 45^) an extraordinary abundance of 
animal life, including many very interesting forms - 
Deiifaliu))! (dtyssonon, Aporrlnds sorrcsi(tiii(s,Sohiriiiui 

II -1 
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fallaciosiim, Fnsus fenestratus^ with abundance of 
Cdnjophi/Uia borealis, and all tlic ordinary deep- 
AV ater forms of the re^don. 

The last station, gave us a most singular as- 
semblage of Ophiurideans. Opliiogli/plut lacertosa 
was in large numbers anti of extraordinary size, and 
associated with it were two most eonspicuous species, 
new to science ; one a large species of Ophiotln'i.v, 
coming near (>. Jhtgilis, but of much larger size; 
the disk in the larger specimens 25 mm. in diameter, 
and the span from tip to tip of the rays 275 mm. 
The colours of the disk are very vivid, purple and 
rose ; and all the jdates of the disk, and the dorsal 
plates of the arms, are studded with delicate spines. 
Xotwithstanding its totally different aspect, I had a 
misgiving that this might yet prove only an extrenn; 
variety of O. fragilis. ]\Iy friend Dr. Lf TKiiX, how- 
ever, protests that it is totally distinct. On such a 
question I how to his authority, and d(“dicate it to 
him, doubts and all, under the name of ( >p!iiolhrix 
liit/ceni. The second novelty was a tine species of 
Ophlomaslani. 

About mid-day on Saturday, the .‘list of .July, we 
steamed into Oueenstown. Having coaled at Haul- 
bowline on ^londay, the 2nd of August, we W(n-e 
moored in the Alan-eoru Basin, Belfast, after a 
pleasant return passage up the channel, on the 
evening of H'ednesday, the 1th. 

As it was necessary that her boilers should be 
thoroughly cleared out after havitig been so long at 
sea, the ‘Porcupine’ did not leave Belfast till 
Wednesday, the 11th of August; when she ])ro- 
ceeded to Stornoway, her final [)ort of d('parture. 
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The scientific staff consisted of Dr. Carpenter, 
Mr. P. Herbert Carpenter (who had gone through his 
apprenticeship in making analyses under unfavourable 
circumstances in the former cruise with Mr. Hunter, 
and was now prepared to undertake this task on his 
own account), and myself; and our intention was, in 
accordance Avith our original programme, to go care- 
fully over again the region Avhich Ave had examined 
in the ‘ Lightning,’ to test Avith better appliances and 
more trustAvorthy instruments the singular distri- 
bution of temperatures in the ‘ warm ’ and ‘ cold ’ 
areas, to map out as aecurdtely as aa'c could the 
paths of the Avarm and cold currents, and to deter- 
mine the influences of these currents upon the 
character and distribution of animal life. 

^Ve left StornoAvay on the afternoon of Sunday, 
the lath of August, and made straight for the scene 
of our most successful ‘ Al arm area ’ dredging of the 
year hefoi’C. AVe Avero (‘qually successful on this 
occasion, and procured several good specimens of 
lEoUcnia, and a beautiful series of lluoUmema, ranging 
from 2 mm. in length up to 30 and 10 centimetres, 
and thus giving all the stages in the development of 
the Avonderful ‘ glass rope,’ and proving to demon- 
stration its relation to the body of the sponge — 
Dr. J. E. Gray’s so-called ('avto)'ia. 

'riie most interesting noi'clty, hoii'CA'cr, Avhich re- 
Avarded us Avas a A cry tine Ikdiinid belonging to the 
Cidaridm to Avhieh T had given the name Fot'oenhn'is 
pKrjmrafo (Pig. 11). I believe 1 am justified in 
referring this handsome species to the gi'uus Poroci- 
(Iftrlft, although in it the special character is absent 
on Avhich that g('nus ivas founded by Desor. Some 
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‘ radiolos,’ as the fossil spines of Cidarites are usually 
called, presenting a very marked character, had been 
found in various formations from the lower oolite 
upwards. These spines are paddle-shaped, compressed, 
longitudinally grooved, flattened almost into plates, 
and sti'ongly serrated on the edges. In the nummu- 
litic beds of Val-Dominico near Verona such spines 
were found associated with plates much resembling 
those of Cidaris, but with the unique peculiarity of a 
row of holes penetrating the test in the areolar space 
round tlie primary tul)crcle. This character our new 
Urchin does not possess, but the radioles have the 
llatness, the longitudinal strite, and the serrated edges 
of tliose of Porocklaris. 

I do not attach much importance to the perfora- 
tions in the plates. Trom Desor’s figures they are 
not round and defined in outline, hut lengthened and 
somewhat irrc'guhir, and they radiate from the inser- 
tion of the spine. Our s])ecies has a set of depres- 
sions occupying the position of these perforated 
grooves which ai'c undoubtedly for the insertion of 
the muscles moving the large long spines, and as the 
test is thin these grooves might readily penetrate the 
plal(', or so nearly ])cnetrate it as to he worn into 
lioh's by very little drifting or wear. 

Our recent species and the eocene form have 
another character in common ; the areolar circles 
are not well defined, and the areola* lend to become 
conlluent. 

Scattered plates only of this genus liaAC been 
found fossil, and the ovarial plates were till now 
unknown, 'fhey present a very singular character, 
which is certainly of generic value. The ovarial 
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aperture does not penetrate the plate, but perforates 
a membrane which fills up a diamond-shaped space, 
one-half of which is cut out of the outer edge of the 
ovarial plate in the form of a large triangular notch, 
while the other half is formed by a separation into a 
like notcli of the two upper interradial plates, in the 
middle line of the interradial space. Tlie charac- 
teristic paddle-shaped spines are ranged in several 
rows round the mouth. The large spines round the 
equator of the corona arc diverse in form, some of 
them cylindrical, only slightly tapering towards the 
tip, and others bulging out and thick near the neck 
and coming somewhat i-apidly to a sharp point. The 
colouring of the animal is very remarkable. The 
short spines covering the test are of a rich purple, 
and a purple of even a deeper and richer hue dyes 
about one-tliird of tbc Icngtb of the spine, fiom the 
head of the spine outwards, ending abruptly in a 
sharply defined line. The si)inc heyond this purple 
portion is of a beautiful })alc rose colour. Two 
mature examples of this fine species wci'c found, 
and two young ones, one nearly half-grown and tlic 
other much smaller. 

We now moved slowly to the northward towards 
the l'\'ero(! Bank, and soundings were taken to fix as 
closely as possible tin; point of passage from the warm 
water into the cold ; a temperature sounding taken in 
lat. 59'’ .37', long. 7' lO', gave a depth slightly less 
than tliat of the ‘ Ilollcnia ground,’ — 47.5 fathoms, — 
with a slightly higher bottom temperature, 7^'4 C.; and 
at Station 50, lat. .59' 54', long. T 52', with a depth of 
.335 fathoms, tin; minimum b'mperatun; had ris(‘n to 
7'‘9C. A sounding at Station 51, hit. 00' O', long. 
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8° 111', gave 410 fathoms, and a bottom temperature of 
5°‘5 C., showing that we were passing into another set 
of conditions; and at Station 62, lat. 00° 25', long. 
8° 10' , only a few miles further on, with a depth of 
384 fathoms, nearly the same as that of Station 20, 
the thermometers recorded a minimum of — 0°'8 C. 
W^e now altered our course tow'ards the east-south- 
cast, and, after a run of about 25 miles, sounded in 
490 fathoms, with a bottom temperature of - 1°-1 C. 
The following six stations. Nos. 54 to 59, w^ere all in 
the cold area with a tempei'atuve below- the freezing- 
point of fresh water. At the last station. No. 59, lat. GO’ 
21', long. 5’ 41' , at a depth of 580 fathoms, the guarded 
thermometer recorded the lowest temperature wdiich 
was m(‘t with -1’’3 C. While we wei*e passing through 
the cold area and making these observations, the 
weather was extremely settled and fine, and under the 
careful management of Captain Calver all our appli- 
ances worked admirably. The temperatures were noted 
in every case by the same pair of Miller-Casella ther- 
mometers, which were sometimes compared with other 
instruments and round to give perfectly accurate indi- 
cations, even after being so freqviently subjected to 
jn-odigious pressure. The sounding instruments and 
tlie dn'dgi's ncvi'r failed, and an ingeiiious device, for 
which wc are iiuh'bted to our Captain, enabled us 
sometimes to multiply our prizes a hundred fold. A 
number of tangles of teazed-out bemp, like tbe 
‘ swabs ’ for. cleaning the deck, were hung in a way 
w hich will be explained hereafter at the bottom of tbe 
dredge. These bemj)en tangles swept by the sides of 
tbe dnalge, pulling along and picking up everything 
which was moveable and rough. As eebinoderms. 
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crustaceans, and sponges were very numerous in the 
cold area, the tangles often came up absolutely loaded, 
Avhile there was but little within the dredge-bag. 

In the course of the last series of dredgings wo 
crossed tlic position of the bank on Avdiich we got 
largo specimens of Tercbmtiila cranium, in so great 
abundance the year before, but we could not find it. 
The bank appears to be of very limited area, and 
both on this occasion and on the j)revious one tlie 
sky was so overcast for several days togetlier, just 
when we were in this neighbourhood, that it was im- 
})ossiblo to fix the position either of the ‘ Lightning ’ 
or of the ‘ Porcupine ’ by observation. A dead-reckon- 
ing is of course kept under great disadvantages when 
the vessel is drifting for the greater part of the time 
half anchored by a dredge. 

From Station 59 we proceeded northward toThors- 
baA'ii, where wc Avere Avarmly received by our kind 
friend GoA'crnor llolten, who had been forewarned of 
our visit, and at onc(; came olf in bis barge to welcome 
us. Governor llolten AA as uncommonly protid of this 
barge, and he had some reason. She Avas a v(‘ry hand- 
some trim boat ; and, manmal by a dozen stout Fieroese 
boatmen in their neat uniform, and Avith the Danish 
ensign flying at llie stern, and our handsome friend 
mutlled in his military cloak, and with a thick hood 
to keep out the sonu'what palpable; and intrusive ‘ cli- 
mate ’ of Fferoe, she look(;d all that could be desired. 
"When the Governor came on board, he pro})osed to 
Captain Calv(;r to try a race with him for the honour 
of old England and the white ensign. Some of us 
Avero going ashoi'c, and Avluai the Governor came up 
from the cabin our whale-boat Avas lying alongside 






CHAP, m.] rill': CliUIHEH OF THE ‘forcufine: 107 

with tw'elve hlue-jackoted Shetlanders sitting like 
statues, their white oars glittering in the sun. The 
Governor looked with tlie critical eye of a sailor at 
the two boats, — he still spoke lovingly of the ‘ Maid 
of Pabroe,’ hut I suppose he saw that, as Tennyson 
says, ‘ we were all of us Danes ; ’ and the question 
of a trial of strength lapsed by mutual consent ! 

We were obliged to remain a fe\v days at Thorshavn 
replenishing in various ways, and while there we were 
very anxious to have had an opportunity of seeing 
Myling Head — a magnificent cliff at the north-Avestern 
point of Stromee, wliich falls perpendicularly, even 
slightly overhanging its base, from a height of upwards 
of 2,000 feet into the sea. The tide runs among and 
round these islands like a mill-race, and the Governor 
told us that if we started with the morning flood, 
and our vessel kept pace with the tide, Ave might 
make the circuit of the island, passing under Myling, 
and returning to Thorshavn in six hours. If we did 
not carry the tide with us, it became a matter of dif- 
ficulty only to be achieved at considerable expense 
both of fuel and time. 

We found that high water a\ ould occur on the fol- 
loAving M’onday, Aug. 2d, at 1 o’clock in the morning ; 
and as the AA'eather Avas brilliant up to the evening 
of Sundav — unusiiallv brilliant for those regions — Ave 
made all our arrangements in high hope of a pleasant 
trip, as Avc had persuaded our kind host and hostess 
to accom])any us. AVith the first daAvn of Alonday 
morning it Avas bloAving and poAiring, and Ave AA cre 
obliged to defer our visit to the celebrated headland 
to some possible future opportunity. 

The next morning Avas fine again, and A\e loll 
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Thorshavn about noon, steaming east by south, so 
as to cross the deep channel between Emroc and 
Shetland. Our first two stations were on the Fieroc 
plateau, at depths a little over a hundred fathoms, but 
the third sounding, taken in the evening of the 24th 
at a depth of 317 fathoms, gave a bottom temperature 
of — 0°'9 C. ; Ave were therefore once more in the cold 
current. Having kept the same course under easy 
steam during the night, wg took a sounding next 
morning, lat. 01° 21' N., long. 3° 14' IV., at a depth of 
040 fathoms, Avith a bottom temperature of — 1°1 C. 
A haul of the dredge brought up rolled pebbles and 
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fine gravel Avith fcAV animal forms, but among them 
one of extraordinary intcrc'st, a large .specimen of a 
tine species of the genus Potirlfflesia, a heart-urchin, 
one of Avhose congeners had been discovered by 
;M. do Poiirtales in the gulf-stream explorations olf 
the American coast, and a second by JMr. GAA^n 
Jeffreys near Rockall. 'J'he present example (Fig. 12) 
WHS mucli larger than either of those previously 
dredged, and it appeared to be specifically distinct. 

‘ I have the pleasure of (Icdieatinj^ tin's interesting spetaos to our 
accomplished colleague, J. Gwyn JolIVeys, K.K.S. 
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Tlio shell is singularly unlike that of any other 
known living echinoderm. It is about two inehes in 
length, almost cylindrical, ending posteriorly in a 
blunt rostrum, and the anterior extremity is truncated. 
Tlic surface of the shell is covered Avith short 
spatulate spines, and near the a}itcrior end there is 
a kind of fringe of long thin cylindrical spines, espe- 
cially congregated on the upper surface. Tlie mouth 
is at the bottom of a deei) anterior and inferior groove, 
and the excretory opening is at the bottom of a pit 
on the dorsal surface, above the terminal rostrum. 
The arrangement of the ambulacra is most peculiar. 
The four ovarial openings and the madreporic tubercle 
arc on the dorsal surface, just above the truncated 
anterior end at the base of which the mouth lies, 
and the three ambulacral vessels of the ‘trivium’ take 
a short course from the oral vascular ring, one along 
tlie centrii of the anterior face, and the other two 
round its edges to meet in a ring surrounding tlic 
ovarial o])enings. The tAvo A'essels of the ‘ bivium ’ 
have a very singular course. They run back into 
the great posterior prolongation of the shell, on the 
sides of which they form long loops, sending conical 
water-feet through single pores in long double lines of 
someAvhat irregularly-fornu*d ambulacral plates, AA'hich 
linally converge in a point a considerable distance 
behind tlie point of convergenci' of the three am- 
bulacra of the bivium. llctAvecn tliese tivo points of 
convergence, Avhich are both on the middle line of 
the back, several plates arc intercalated. IVe have 
thus the three anterior ambulacra ending in their 
ocular plates, meeting at one point, Avlierc tliere 
arc likewise four genital plates, and tlie madreporic 
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tubercle ; and the two posterior ambulacra, with 
their ocular plates, mooting at another point and 
forming a kind of secondary apex. The fifth genital 
plate is obsolete. The speeially interesting point is 
that, while we had so far as we were aware no living 
representative of this peculiar arrangement of what 
is called ‘ disjunct ’ ambulaci'a, we have long been 
well acquainted with a fossil family, the Di/santerida;, 
possessing this character. Many species of the 
genera Dysaslet', Agassiz, Colhjriies, Dksjiotjlins, 
Ilelaporhimis, Miciieun, and Grasia, iMicniEiiix, 
are found from the dower oolite to the wliite chalk, 
but there the family had previously been supposed to 
have become extinct. 

The next attempt was one of our very few entirely 
unsuccessful hauls, the dredge coming up empty. 
This we attributed to an increase of wind and swell, 
and conseejueut drift on the vessel, which seemed to 
have prevented the dredge from reaching the ground. 

We devoted the morning to a series of temperature 
soundings at intervals of 50 fathoms from the surface 
to the bottom, and this we accomplished in a very 
satisfactory manner, with results which will be fully 
discussed hereafter. After a rapid descent for the 
first 50 fathoms the next 150 fathoms maintained 
a high and a tolerably equable temperature, and 
there was then a rapid fall between 200 and 300 
fathoms, the thermometer at the grcMiter depth indi- 
cating 0^ C. Erom 300 fathoms to the bottoih the 
temperature fell little more than a d('grcc. “Thus 
the entire mass of water in this channel is nearly 
equally divided into an upper and lowcn- stratum, the 
lowftr being an Arctic stream of nearly 2,000 feet 
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deep, flowing in a south-westerly direetion, beneath 
an upper stratum of comparatively warm water 
moving slowly towards the north-east; the lower 
half of the latter, however, having its temperature 
considerably modified by intermixture with the 
stratum over which it lies.” * 

Our next few dredgings Avere on the Shetland 
plateau, in depths under 100 fathoms, and over 
ground already carefully worked by our eolleague 
Mr. GAvyn Jeffreys. We got few novelties, but 
owing to our very effective dredging appliances, Ave 
took some of the ‘llaaf’ rarities, such as Fusm nor- 
vcgicus, CiiEMN. ; Fiistis hcrniciensis, KiisG; Pleiiro- 
tonia carinattim, Bivoxa ; in considerable numbers. 
The hempen tangles stood us in good stead Avith the 
cchinoderms. On one occasion the dredge brought up 
at a single haul, in the bag and on the tangles, cer- 
tainly not less than 20,000 examples of the pretty 
little urchin, Echlnm nori'cgicus, D. and K. 

On the 28th of August we anchored in LcrAAuck 
Harbour. We remained at Lerwick several days 
taking in necessary supplies, looking at the geology 
and the many remarkable antiquities of the neigh- 
bourhood, and ransacking the haberdashers’ shops for 
those delicate fleecy fabrics of avooI avIucIi imitate in 
a scarcely grosser material, and Avith almost ec^ual 
delicacy of design, the fretted skeletons of Iloltenia, 
Eiqilectclla, and Aphrocallisfes. 

In ‘this caidier part of the cruise nearly all the 
dredgings had been confined to the cold area, and 

' Dr. Carpenter, in “ Preliminary Report on the Scientifie Explora- 
tion of the Deep Sea, IShi).” (Proceedings of the Royal Society, 
vol. xvii. p. 441.) 
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over that region we had found a great uniformity of 
conditions. As already mentioned, the average bottom 
tenn)eraturc throughout was a little below tlie freezing- 
point of fresh water, and it sometimes fell to nearly 
2" C. below the zero of the centigrade scale. The 
bottom Avas uniformly gravel and clay, the gravel on 
the Scottish side of the channel consisting chiclly of 
the debris of the laurentian gneiss and the other 
metamorphic rooks of the North of Scotland, and the 
devonian beds of Caithness and Orkinw. On the 
li\eroe side of the channel, on the other hand, the 
pebbles Averc 'chidly'l)asaltic. This difterence sIioavs 
itself very markedly in the colour and composition of 
the tubes of annelids, and the tests of sundry fora- 
minifera. The pebbles are all rounded, and tlie 
A'arying sizes of the pebbles and rougliness of the 
gravel in dilferent places give evidence of a certain 
amount of movement of material along tlu' bottom. 

There seems to he l)ut» little doubt, from the 
direction of the series of depressions in tlie isothermal 
lines of the region (PI. 7), that there is a direct move- 
ment of cold water from the Spitzhergen Sea into tlu; 
North Sea, and that a branch of this cold indraught 
passes into the Fixiroc Channel. The fauna of the cold 
area is certainly characteristic, although many of its 
most marked sjiecies arc common to the deep Avatcr 
of the warm area Avhenever the temperature sinks 
below 2 or 3 C. 

(Ivor a considerable di.strict in the I’i'croe Channel 
th(;re is a large (quantity of a sponge whicli is jiro- 
liahly identical Avith Cladorhiza abt/ssicolif, Saiis, 
dredged by C. t). Saiis in deep Avater o(f the 
LoUbten Islands. Tliis sponge forms a kind of 
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bush or shrub, which appears to clothe tlie bottom 
in some places over a lar^ area like heather on a 
moor. Tliere are at least three species. In one the 
branches are strict and rigid; while in another the 
arrangement is more lax, side branches coming off 
from a flexible central rachis like the barbs from the 
shaft of an ostrich feather. The branehes seem in 
some eases to he from 50 to 80 eentimetres in height, 
and the stems near tlic base are 2 to 3 centimetres in 
diameter. The stem and branches consist of a firm 
central axis, semi-transparent and of a peculiar 
yellowish green colour ; composbd of a continuous 
horny substance filled with masses of needh'-sluqied 
spicules arranged longitudinally in densi^ sbeavi's. 
Tliis axis is overlaid by a soft hark of sponge sub- 
stance supported by needle-shaped spicules, and full 
of the biliamato ‘ spicules of the sarcode ’ so charac- 
teristic of the genus Esjm'iu and its allies, 'riu- 
crust is covered with jiores, and rises here' and there 
into papilla) perforated by large oseula. This s])ong(' 
a])pears to belong to a group allied to the Ilspe- 
riada), and perhaps even more closely allied to 
some of the fossil branching forms whose remains 
.are so abundant in some beds of the crcdaeeous 
period. A still finer species of thi' same groiip 
was dredged by Mr. Gwyn Jeffreys in the first 
cruise of the following year. 

Another peculiar sponge (Ihg. 13) is very abundant 
and of h large size. This form was admirably described 
by Professor Lovdn — unaccountably under the name 
of Ilyalonema boreale. It is certainly very far from 
Ilyalonema;: It is more nearly allied to Tethya, for 
tne body of the sponge must certainly be referred to 

I 
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the corticate type, though it differs from all the othei’ 
known members of the order in being supported on a 
long symmetrical stalk formed, as Professor Loven 
has shown, of sheaves of short spicules bound togetlu'r 
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by horny cennent. A tuft of delicate fibre's fixes the 
base of the stern in its position. Professor Oscar 
Schmidt, in his “Outliim of the Sponge Fauna of 
the Atlant i(t,” refers this form to liis genus Coiiii'ft'lhi, 
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aiul this he associates with Snberiles, Tethya greatly 
restricted, and one or two other generic groups, to 
form a family, the Suberitidina?, a part of the old 
order Corticataj, which oi-der he now proposes to 
dismember. I doubt if this arrangement will hold 
good, for the silicious sponges whose skeleton con- 
sists mainly of radiating sheaves of long spicules, 
form a conspicuous and natural assemblage. Sfylo- 
cordylit is evidently nearly related in habit and 
general character to the Mediterranean stalked 
sponge liguK.ed by Schmidt under the name of 
Tetilla eiiplocamos} 

roraminifera are not very abundant in the cold 
area, though here and there in isolated patches 
large numbers of large and remarkable forms came 
up on the ‘ hempen tangles.’ These were principally 
of the Arenaceus type. On one occasion, at Station 
51, one of the intermediate, dredgings between the 
Avarm area and the cold, the tangles brought up ^ 
a multitude of tubes three-quarters of an inch to 
an inch long, composed of sand-grains cemented 
together, and with a slight appearaifla^^ternally of 
beading, as if .^hey were divided segments, 

lluring the ‘ Lightning ’ excursion the year before, 
on the middle bank along with the specimens of 
Terehmlula cranium, avc ha^ Jbund in abundance a 
sandy Lituiula with very much the same appearance, 
except that at one end the Lituohe liad a promi- 
nent Inouth, and on breaking them open this 
mouth was repeated, delinitely moulded of peculiarly 

^ Bio Spongien der Klisto von Algier. Von Br. Oscar Schmidt, 
I’l'ofossor dor Zoologio niul verglcic.henden Anatomio, Birector des 
T.audschaftllchcn zoologischen Musexiius zu (!ratz. Leipzig, 1S(i8. 
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coloured sand grains, for every chamber of the series 
into which the test was divided. The new foian, how- 
ever, Avas Ibiind not to be divided into chambers, but 
to IniA^e its cavity continuous tliroughout, “ tliough 
traversed in every part of its length by irregular 
processes, l)uilt up partly of sand-grains and partly of 
sponge-spicules,” resembling those dcscidbed by Dr. 
Car])enter in tlie gigantic fossil form Pai'kerio? One 
extremity of this chamber is ai’ched over, spaces being 
left between the agglutinated sand-grains, through 
Avhich it appears that the gelatinous being Avithin 
communicates Avith flie outer Avorld by protruding its 
sarcode processes. The other end Avas so constantly 
broken off, leaving a rough fracture, that Dr. 
Carpenter Avas inclined to believe that this form, to 
Avhich he gaA'e the generic name of JBotellina, grcAv 
attached to the bottom or to some foreign body. 

The cold area teems with echinoderms. In tlu' 
channel north and west of Shetland, avo added to the 
fauna of the British area besides a large nnnibm* of 
species new to science, nearly every one; of tlui forms 
described 1^’the Scandinavian naturalistic as inhabit- 
ing the seas of Koi’Avay and Clrecnland. 

In comparatively shalloAV Avater Gidaria hyntrir 
Avas most abundant, and of large size. The large 
form of Echimm Jlemingii, Ball, Avas rare ; but cvi'ry 
haul at all depths brought up some variej^ or other 
Avhich Avas referred Avith doubt to E. elS^m^ D. and 
K., to one or other form of E. norregiens, D. and K., 
or to E. roritnherctilaf/us, G. O. Sails; and although 
it may, perhaps, be necessary still to describe all these 
Avhich certainly in their extreme forms present very 
^ riiilosopliical Transactions, p. 800. 
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marked difFcrcnccs as distinct species, after having 
<ponc over some thousands of them — some hrous^ht 
up in nearly ev(u’y liaul of the dredge from Eferoe to 
Gibraltar — I am inclined to suspect that they may 
he all varieties of Echinus Jlemhigii. I have already 
alluded to the countless myriads in Avhicli the 
small form of E. normgiciis, D. and K., 15 min. in 
diameter, swarms on the ‘Ilaaf’ fishing hanks. 
Tlicse little urchins are mature so far as the develop- 
ment of their generative products is concerned ; and 
1 suspect from the ahundauce of tlire(! siz('s, that they 
attain tlieir full size in two years and a half or three 
years ; hut in colouring, in sculpture, and in tlx.' 
form of the pedicellariae, 1 do not sec any character to 
distinguish them from a form four times the size, 
common in deep water off the coast of Ireland ; nor, 
again, can I distinguish these last hy any delinitc 
character which one Avould regard as of specific value 
from the shalloAv-water form of Echinus Jlcinu/gii, as 
large as the ordinary varieties of E. spheeru. 

The Shetland variety of Eqnus cahallus is certainly 
not more’^^an one-fourth the size of^lian ordinary 
London dray-horse, and I do not know that there is 
any good reason why there should not be a pony 
form of an urchin as well as of a horse. 

Professor Alexander Agassiz ' has discoyored that 
the Plorj^a, species of Echiiiocgannis is nothing mor<' 
than the^^ting of a common Plorida clypeastroid, 
Slolonoclypus proslnthts, Ag., and he suggests the 
possibility of our Echiiiocgidniis (tiigiilosiis, 1ji:ski:, 
being one of these stunted ‘ pony ’ A arieties, or un- 
developed young, either of the American iSloloiio- 

' Tlnllotiii of tho ^riispiim of Compaiiitive Znology, No. 9, j>. 291. 
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clypus, the pluteus ‘ psciideinhryo ’ having been car- 
ried along and distrilmted hy the gulf-stream, or 
of some European deep-water clypeastroid liithcrto 
unknown. 

The tlii’cc so-called species of the genus Toxo- 
pncHstes of the cold area must, I fear, submit 
to fusion. T. pictus, Norman, and T. pallidus, 
G. O. Sars, are certainly varieties of T. drohucld- 
ensls, O. E. Muller. 

The young of Bi'issopsis hjrifera, Forbids, were 
.abundant at all depths, but mature; examples did 
not occur beyond 200 fathoms, and were larg(;r 
and more abundant from 50 to 100 fathoms. Tri- 
pylns fragilis, D. and K., a rather scarce Scandinavian 
form, was added to the British fauna ; several si)cci- 
mens having been taken, unfortunately usually 
crushed on account of its great delicacy, in the 
deeper and colder hauls. Magnificent specimens of 
the handsome heart-urchin, Spatcmgiis raschl, were 
very abundant, associated in the same zone of depth 
with Cidaris. 

Star-fishes were very numerous, rarft and new 
species sometimes actually crou'ding the hempen 
tangles. The two species of Brisinga, B. endeca- 
cnenios, Absj., and B, coronuta, G. O. Sars, came up 
occasionally, and Avere always regarded as prizes, 
although it was a matter of some difficulty to ex- 
tricate their spiny arms one after the other from the 
tangles ; they were scarcely ever within the dredge. 
Salaster papposus, Eorbes, apparently their nearest of 
kin though far removed, Avas represented abundantly 
by a very pretty deep-Avater variety, with ten arms 
about foi’ty millimetres across from tip to tip. 
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of a bright orange scarlet even at Station G4, at a 
depth of 640 fathoms ; and we dredged abundantly 
S. furcifer, D. and K. (Fig. 14), previously known 



only in the Scandinavian seas. Pedicellaster typicufi, 
Saks, occurred but sparingly, and more frequently the 



Fig. lH.^KoretlimaUr hisvidVE, ^YYV1IXF. TiioyiON. Dorsal aspect. Twice the natural .si/e 

(No. 57.) 

pretty biscuit-like Aslrogoninm. grannhtro, Mulleti 
and Tuosciiee. A. phriigiouw)!, O. F. IVIvi.t.ee, and 
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Asteropsh pulvillm, O. P. Mullek, were not met 
with beyond the 100-fathom line. A curious little 
group of cushion stars, hitherto supposed to be con- 
tined to high latitudes, were represented by Pterasier 
militaris, M. and T., and P. pulvillus, Saks, and by 
two forms new to science, — one, Koretliraster his- 
pidm, sp. n., with the whole of the upper surface 
covered with long free paxillse like sable brushes (Pig. 
15). Ranges of delicate spatulate spines border the 
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ambulacr^ grooves. As in Pferaster, there is a double 
row of coi|cal water feet. The other 16) 

is perhaps even more remarkable. Th^ star-fish is 
very flat, the dorsal surface covered with short paxillso 
which support a membrane as in Pteraster. A row 
of spines fringing the ambulacral grooves is greatly 
lengthened and webbed, and the web running along 
the side of one arm meets and unites with the web 
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of the adjacent arm, so that the angles between the 
arms are entirely filled up by a delicate membrane 
stretched on and supported by spines, and the body 
thus becomes regularly pentagonal. There is no trace 
on the ventral surface of the arms of the trans- 
verse ranges of membranous comb-like plates which 
are so characteristic in Pteraster. 

By far the most abundant and conspicuous forms 
among the star-fishes in deep water were the genera 
Astropecten and Archaster, and their allies. At one 
to two hundred fathoms the small form of Astro- 
pecten irregularis, A. acicularis*of Norman, literally 
swarmed in some places, usually in company with 
tlie small form of Luidia savignii, M. and T., L. 
sarsii, D. and K. I feel no doubt that these two 
forms, A. acicularis and L. sarsii, are mere deep- 
water varieties of the forms which attain so much larger 
proportions in shallow water. The late IMr. Edward 
Waller took charge of Mr. Gwyn Jeffreys’ yacht 
during the summer of 1869, on a dredging cruise off' 
the south coast of Ireland. He worked principally 
about the.lOO-fathom line and a little within it, and 
procured a magnificent series both of Astropecten and 
Luidia showing a gradual transition through all 
intermediate stages between the large and the small 
varieties. 

The co^^ffea gave us Astropecten tetkhispinus in 
great abuwance and beauty. The tangles sometimes 
came* up scarlet with them, and associated Avith tliis 
species a handsome new form of a peculiar leaden 
grey colour, and with paxillac arranged on the 
dorsal surface of tlie disk in the form of a rosette, or 
the pctaloid ambulacra of a Clypeaster. Astropecten 
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arcticus, Sa.hs, was met with sparingly in some of 
the deeper dredgings. The known northern species 
of Archaster were abundant and of large size ; A. 
parellii, D. and K., passing into comparatively shal- 
low water ; and A. andromeda abundant at greater 
depths. 



Fid 17.— A rchaster bi/rons, WvviJA.E Thomson. Dor.sal aspect. Thvcc-fourlhs of the natural 

sizCv (Xo. 57.) 

^ ( 

At Stations 57 and 58, and at various others in 
the cold area, Ave took rriany specimens of a fine 
Archaster (Fig. 17) with a double row of large 
square marginal plates g^iving the edges a thickened 
square-cut appearance like those of Clenodiscus ; 
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cacli marginal plate covered with miliary grains, 
and Avitli a prominent rigid central spine. This is 
a largo form, one of our most striking additions to 
the tale of known species. It measures 120 mm. from 
tip to tip of tlie arms across the disk. The colour 
is a rich cream, or various shades of light rose. 

Ctenodiscus crispotus occurred rar(;]y and of rather 
small size, not more than 25 mm. across. Nearly 
every haul brought up small specimens of Aster- 
((oanthioii miXlUm, M. Bars, and specimens of all sizes 
of Crihrella sangninolenta, O. E. Muller. 

The distribution of Ophiurofdca was altogether 
new to a British dredger. By far tlie most abundant 
form in moderate depths was Amphium ohi/ssicohi, 
M. Saks, a species hitherto unknoAvn in the British 
seas ; and at greater depths this species was associated 
in about equal numbers with OpMoclcn scricenm, 
Eorres. 

Evei’ywhere Ophiacantha spinnlosrr, M. and 'J'., 
abounds^ and the common Ophioylypha lacertosa of 
shallow water is replaced by O. sarsii, Litkex, 
while Ophiopholis aculeata, O. E. Muller, loves to 
nestle among the branches of corals and stonv 
polyzoa. In such characteristic cold area dredg- 
ings as Stations 51, 55, 57, and 01, avc find the 
two species of Ophioscolex, O. purpurea, D. and 
K., and O. glacialis, M. and T. ; the former in 
some places in great abundance, and the latter 
much ‘more scarce. Both- sjiecics arc new to the 
British area, and two very remarkable forms Avliich 
accompany them arc ncAV to science. One of these 
is a very large ophiurid Avith thick arms, up- 
wards of three decimetres long, and a large soft disk 
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resembling that of Ophiomijxa, to which genus it 
s(?cms to ho allied. The specimens which have been 
hitherto procured are scarcely suHieiently })erfcct to 
allow of its being thoroughly Avorked out. The other 
is a lai'ge handsome species of Ljungman’s genus 
Ophiopm. Idle plates covering the disk arc small and 
obscure, and partly masked by a netted membrane. 
In moderate depths Amphhim halli, Thompson, Avas 
common, and aa^c now and then dredged a stray 
example of the beautiful little Ophiopeltis mutriycm, 
1). and K., lately added to the Shetland fauna by 
the Rca'. a. Merle IS^orman. 

It was a matter of some surprise to us as aatH as 
of great pleasure to bring up in many of our cold 
area hauls considerable numbers of the handsomest 
of the northern free crinoids, Antedon escriclilii 
So far as I am aware, this species has not hitherto 
been met AAoth in the Scandinavian or Spitzbergen 
seas; all our museum specimens come from Green- 
land or Labrador. This is also the case Avith C/nto- 
discifs erispalm. In neither instance do the speci- 
mens from the north of Scotland appear to be (juite 
so large as those from Greenland. One or tAvo 
hauls in moderate Avatcr gave us abundant examples 
of Antedon cellicns, II.vriiett, a form still more com- 
mon boAvever in the jMineh; and almost every liaul 
AA"e found a brokiai sj)ecii)aen or some fragments of 
Antedon mml. 

Once or tAvice Ave, found a fragment of the stem of 
ItJikocrinns, l)ut singularly enough no living specimen 
of this interesting little crinoid rewarded us from the 
cold Avater, although our conclusion seemed to be 
just, that the Arctic indraught sets into the Lieroe 



<,nAP. 111.] THE CUiriSEE Ob' THE ‘ EoHOV PIN E.' 


12.1 

Channel directly from the seas of the Lolfotens wherci 
it abounds. 

We dredged inuny llolothuriae; notably everywhere 
below 200 or 300 fathoms the delicate little Echmo- 
cuciinuH lupuut, M. Saks ; and J?solus sqanniatm, 
Korun, whicli does not seem however to be common, 
though Ave dredg(id it in great profusion on one oeea- 
sioji in the ‘ Lightning,’ its white scaly disks showing 
out against the smooth black pebbles of Fieroe basalt 
to which they Avere attached. Ilolothiiria ecalcarea, 
Saks, Avas met Avith occasionally, and formed another 
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interesting addition to the British fauna. It alAAays 
had a 2>oculiar elfect coming u]) among a number of 
much smaller and more delicate things, like a massive^ 
Cermau sausage twenty or thirty centimetres long. 

In the characteristic hauls in the cold area Ave met 
Avith some very interesting crustaceans, one or tAvo of 
Avhich I figure as they are highly suggestiA'c of the 
source of tlic cold Avatcr. They are some of the 
gigantic forms of amphipoda and isopoda of the 
Arctic sea. 
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Easirus cuspklatiis, Kuoyeu (Fig. 18), had jirc- 
vioiisly been known only in the Greenland sea, and 



the genus was represented for tlio seas of Britain hy 
an imperfect example of another speeies. 

Fig. 19 is a large and hitherto unknown speeies of 
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the genus Caprella, the odd-looking group of skeleton 
shrimps which fix themselves by their hind claspers, 
usually in this locality to branching sponges, and wave 
their gaunt grotesque bodies about in the water. 

JEgcf, nasuta, Noiiman (Fig. 20), is another new 
species, one of the ‘ normal ’ isopods. Much larger 
specimens of this curious genus arc however known 
on the British coasts, usually semi- parasitical on largo 
iishes. 

Arclunis haffini, Sauixe (Fig. 21), is another of 
the ‘ isopoda normalia ’ — normal to a ceidain extent in 
its structure, hut very peculiar ih its appearance and 



liahits. ulrclitnis has, like Caprella, the habit of 
clinging to some foreign body by its claspers, and 
rearing up the anterior part of its body in a queer 
manner ; but it has iir addition a pair of enormously 
developed antcunie, ghd to these the young cling hy 
their claspers, and range themselves along like a 
couple of living fringes.: Idotea {Arclunis) bajpiii 
was first described in the Appendix to Captain Parry’s 
fourth voyage. This, or a nearly allied species, 
seems to occur also in the Antarctic Seas. Sir James 
Clark Ross remarks,' that in dredging at a depth 


' A Vo}’agc of Pispover}' and Ixosearcli, vol. i. ]h ‘202. 
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of 270 fathoms, lat. 72“ 31' S., long. 173“ 39' E., 
" corallines, flustrse, and a variety of marine inverte- 
brate animals came up in the net, showing an abun- 
dance and great variety of animal life. Amongst 
them I detected two species of Pycnogoimm, Idotea 
haffiui, hitherto considered peculiar to the Arctic 



seas ” — and some other forms. The figure represents 
Arctums hujfud and a few of its progeny, which 
however have got somewhat into disorder. The nur- 
sery arrangements are usually much more regular. 

One or two species of the singular marine arachnida 
of the genus Nymphon, of a very large size, were 
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frequently entangled in large numbers on the loose 
hemp. This group seems to be specially characteristic 
of the sea at an arctic temperature. They arc re- 
ported of almost incredible size, thirty centimetres or 
so across, from the late German and Swedish polar 
exp(.‘ditions, and they have also been found enor- 



mously large in deep water in the antarctic regions. 
They often come up clinging to the sounding-line. 

The Mollusca, which in the preceding cruises 
usually constituted the principal results of the 
dredging, were here quite subordinate as regards 
both number and variety to the groii])s already 

Iv 
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mentioned ; and tlie diflference between the molluscan 
fauna of the cold and that of the warm area was not 
by any means so great as that shown in other groups. 
One of the most interesting types which we met with 
was Terehratiila septata, Philippic T. septigera, 
Lovkn, a brachiopod found living at Station 65 in 
the Shetland Cliannel, at a depth of 345 fathoms, 
and a bottom-temperature of — I"’! C. A variety of 
this species, from the Pliocene beds of Messina, has 
been described and figured by Professor Seguenza 
under the name of Waldheimia pcloritami ; and it is 
clearly the same as*the Waldheimia Jloridana, found 
in the Gulf of Mexico by De Pourtalcs, which our 
own numerous specimens so considerably exceed in 
size as to show that its more congenial liomc is in 
frigid water. 

Only a small number of Fishes were procured, but 
their scarcity may probably have been due to the 
unsuitableness of the dredge as a means for their 
cajjture. The few species taken were placed in the 
hands of Mr. Couch of Polperro by Mr. Loughrin, 
and Avcrc examined by him after our return. Tlic list 
includes a new generic form intermediate between 
Chimeera and Macrotirus, Avhich was brought up from 
a depth of 540 fathoms in the cold area ; a new species 
of a genus allied to Zeus ; a new Gadus approaching 
the common M'hiting ; a new sjjccics of Ophidioii ; 
a species of a new genus near Cyclopterus ; Blennius 
fusciutm, Bnocii, new to Britain; Ammodgtes liiculm; 
a fine neAV Serranus ; and a new Syngnathm, 

Death put an end to' the labours of the veteran 
Cornish naturalist while he was preparing descrij)- 
tions and figures of our new species. He died full of 
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years and work, and tlxis last task, on which he had 
entered with keen interest, must he finislicd bv other 
hands. 

It will be seen that the bottom-temperature of the 
cold area, at 500 fathoms, does not differ by more 
than two or three degrees from that of the warm 
area, at depths beyond 1,500 fathoms. It seems, in 
fact, as Dr. Carpenter has well pointed out, as if all 
the extreme climatal conditions wliieh, in tlic deep 
water of the Atlantic, are cxhmded over a vertical 
distance of two or three miles, arc here compressed, 
without greatly alhaang tlieir pVoportions, into the 
compass of half a mile. We have the same surface 
super- heating and rapid fall for the first short dis- 
tance ; the same hump on the curves, indicating the 
presence of a layer of water heated by some other 
cause than direct solar radiation; the same rajxid fall 
through ‘ a stratum of intermixture ; ’ and, finally, 
the same long excessively slow dcjxression through a 
deep bottom bed of cold water nearly at a uniform 
temperature. 

As might he anlicipatc'd, if the view ho correct 
that arctic conditions arc in a broad sense con- 
tinuous throughout the abyssal regions of the sea, a 
large number of the inhahitaixts of the ‘ cold area’ arc 
common to the deep water off llockall and as far south 
as the coast of Portugal; but the fauna of the Pferoo 
channel includes, besides these generally distributed 
forms, an assemblage of sjxecics— for cxanrjxle, tlie 
large crustaceans and ai’achnida and some of the stai’- 
fishes — which arc not only generally characteristic of 
frigid conditions, hut specially of that ])art of the 
arctic province represented by the seas of Spitzhergen, 
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(}reeiil:uul, ami Lollbteiv. There can bo little doubt 
tliat this especially arctic cbaractcr of the fauna is 
maintained by the continual migration of arctic 
species along witli the arctic current indicated by 
the depressions in the line's of equal temperature. 
>Many species ebaracteristic of the ‘cold area’ were 
not met with beyond its limits, owing doubtless to 
the entire banking in and disappearance of the cold 
water, and the obliteration of the arctic current 
as such at the western opening of the cbaniud 
between the Ffero;' banks and tlio llisbrides. 
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APPENDIX A. 

Oj/ieufl Documents and Official Acconnfs of rrclhninarfj ./'/*/>- 
crcdliiffs in conncdian vilh the Kqdoraf ion.^ in UAL Enr- 
vcf/inij-rc>M^d "Vaccnpvnc' daring the Kinnincr of ISOl). — 
Edtracts frutn the Minnies of the Connell of the liogal Eocidg, 
setting forth the origin of the ‘ Porenjiine ’ Expedition^ and 
the ohjeets nddeh it mas designed to earry (ad: — 

Janvarif lil, ISOl). 

The rn'Pininaiy Ii(!poii of the Dredgiii^L*’ ()])ei’atioii8 conducted 
hy Drs. Cai’ptuiier and ^Vyville Thomson (in the ‘Lightning’) 
having been (*onsider(‘(l, it was 

liesolved, — Tliat, hooking to tlie valuahlo results obtained from 
these I\Iarine Th'searehes, restricted in seo])e as tliey lia\(^ 
])ecn in a first trial, the President and Coiuu'il consider it 
most desirable, with a view to the advanc(*mc3it of Zoology 
and other branclu^s of scuuice, that the exploration should 
1)0 renewed in the eouise of the (msuing sumnuu’, and 
carried over a wider an^a; and tliat the aid of Her 
Majesty’s (rovernment, so liberally alforded last y('ar, be 
again r(’(|iu‘.sted in furtla'rance. of the undertaking, 
licsolved, — That a Committee be appointed to re])ort to the 
Council on the measures it will he advisable to take in 
order to cany the foregoing resolution most advantageously 
into eflect. The Coinniiltee to consist of the Ikesident 
and Otlicers, with Dr. Carpenter, l\lr. Cwyn Jelfreys, and 
Cax)tain llichards. 

Fdn'narij 18 , ISOI). 

Pead the following licjxnt of tlie (k)mmitti‘e on Marine 
Pescarches : — 
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“The Committee appointed Ly the Council on the 21st of 
January, to consider the measures advisable for the further pro- 
secution of Kesearches into the Physical and Biological Condi- 
tions of the Deep Sea in the neighbourhood of the British Coast, 
beg leave to report as follows : — 

“ The results obtained by the Dredgings and Temperature- 
Soundings carried on during the brief Cruise of II.M.S. ' Light- 
ning " in August and September, 1868, taken in connection with 
those of the Dredgings recently prosecuted under the direction 
of the Governments of Sweden and of the United States, and 
with the remarkable Temperature-Soundings of Captain Short- 
land in the Arabian Gulf, have conclusively sliown — 

“ 1. That the Ocean-bottom, at depths of dOO fatlioms or more, 
presents a vast field for research, of which the systematic 
exploration can scarcely fail to yield results of the highest 
interest and importance, in regard alike to Physical, Biological, 
and Geological Science. 

“ 2. That the prosecution of such a systematic exploration is 
altogether beyond the reach of private enterprise, requiring 
means and appliances which can only be furnished by Govern- 
ment. 

“ It may be hoped that Her IVIajesty’s Government may be 
induced at some future time to consider this work as one of the 
special duties of the Britisli Navy ; whicli possesses, in the 
world-wide distribution of its Shi[)s, far greater opportunities for 
such researches than the Navy of any other country. 

“ At present, however, the Committee consider it desirable that 
the Itoyal Society should represent to Her Majesty’s Government 
the importance of at once following up the suggestions ajipended 
to Dr. Carpenter’s 'Preliminary Jteport’ of the Cruise of the 
' Lightning,’ by instituting, during the coming season, a detailed 
survey of the deeper part of the Ocean-bottom between the 
North of Scotland and the Fairoe Islands, and by extending that 
survey in both a N.E. and a S.W. direction, so as thoroughly to 
investigate the Physical and the Ihological conditions of the two 
Submarine Provinces included in that area, which are character- 
ized by a strongly marked contrast in Climate, with a correspond- 
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ing dissimilarity in Animal Life, and to trace this climatic 
dissimilarity to its source ; as well as to carry down the like 
survey to depths much greater than have been yet explored by 
the Dredge. 

" This, it is believed, can be accomplished without difficulty 
(unless the weather should prove extraordinarily unpropitious) 
by the employment of a suitable vessel, provided with the 
requisite appliances, between tlie middle of May and tlie middle 
of September. The Ship should be of sufficient size to furnish 
a Crew of which each ‘ watch * could carry on the work con- 
tinuously without undue fatigue, so as to take the fullest advan- 
tage of calm weather and long summer days ; and should also 
provide adequate accommodation for the study of the specimens 
when freshly obtained, which should be one of the primary 
objects of the Expedition. As there would be no occasion to 
extend the Survey to a greater distance than (at the most) 400 
miles from land, no difficulty would be experienced in obtaining 
the supplies necessary for such a four months' cruise, by running 
from time to time to the port that might be nearest. Thus, 
supposing that the Ship took its departure from Cork or Galway, 
and proceeded first to the channel between the British Isles and 
Eockall Bank, where depths of from 1,000 to 1,300 fathoms are 
known to exist, the Dredgings and Temperature-Soundings could 
be proceeded with in a northerly direction, until it would be 
convenient to make Stornowa}^ Taking a fresh departure from 
that port, the exploration might then be carried on over the area 
to the N.W. of the Hebrides, in which the more moderate 
depths (from 500 to 600 fathoms) would afford greater facility for 
the detailed survey of that part of the Ocean-bottom on which a 
Cretaceous deposit is in progress — the Eauna of this area having 
been shown by the * Lightning ' researches to present features of 
most especial interest, while the careful study of the deposit 
may be expected to elucidate many phenomena as yet unex- 
plained which are presented by the ancient Chalk Formation. A 
month or six weeks would probably be required for this 2)art of 
the Survey, at the end of which time the vessel might again run 
to Stornoway for supplies. The area to the N. and N.E. of 
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Lewis should then be worked in the like careful manner ; and as 
the 'cold area’ would here he encountered, special attention 
should be given to the deterinination of its boundaries, and of 
tlie sources of its climatic ])eculiarity. These would probably 
require the extension of the survey lor some distance in a KE. 
direction, which would carry the vessel into tlie neighbourhood 
of the Shetland Isles; and Lerwick would then be a suitable 
port for supplies. Whatever time might then remain would be 
advantageously employed in dredging at such a distance round 
tlie Shetlands as wouhl give de]>ths of from 250 to 400 fathoms, 
Mr. Gwyn Jeffreys’ dredgings in that locality having been 
limited to 200 fathoms. 

"Tlie ISTatural-IIistory work of such an Expedition should be 
prosecuted under the direction of a Chief (who need not, how- 
ever, be the same throughout), aided by two competent Assistants 
(to be provided by the Loyal Society), who should be engaged 
for the whole Cruise. i\Ir. Gwyn Jelfreys is ready to take charge 
of it during the first five or six weeks, say, to the end of June^ 
when Professor Wyville Thomson would be ju’cq'iared to take his 
place; and Dr. Carpenter Avould be aide to join the Expedition 
early in August, remaining with it to the end. It would be a 
great advantage if the Surgeon appointed to the Ship should 
have sufficient knowledge of Natural History, and sufficient 
interest in the imjuiry, to ])articiY>ate in the work. 

"The experience of the previous Expedition will furnish 
adequate guidance as to the a])p]iances which it would be 
necessary to ask the Goviirnmcnt to provide, in case they accede 
to the present application. 

"With reference to the Scientific instniinents and apparatus 
to be provided by the Loyal Society, the Committee recommend 
that the detailed consideration of them lie referred to a Special 
Committee, consisting of gentlemen ].)ractically conversant with 
the construction and working of sucli instruments.” 

Lesolved, — That the Le])ort now read bo rec-eived and adojited, 
and that application be made to Her Majesty’s Government 
accordingly. 
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The following Draft of a Letter to be transmitted by the Secre- 
tary to the Secretary of the Admiralty was approved : — 

“The Royal Society, Rurlingtox House, 
Frhruar 7/ 18 , 1869 . 

“ Sir, — Ileferring to the ' Preliminary Peport ’ by Dr. Carpenter 
of the Eesnlts of the Deep-Sea Exploration ' carried on during 
the brief Cruise of Her Majesty’s Steam-vessel ‘Lightning’ in 
August and September last, which has already been transmitted 
for the consideration of the Lords Commissioners of the 
Admiralty — I am directed by the President and Council of the 
lioyal Society to state that, looking to the valuable information 
obtained from these AFarine Pcsearches, although comparatively 
restricted in duration and extent, ih%>j deem it most desirabh‘, 
ill the interests of Biological and Physical Science, and in no 
small degree also for the advancement of Hydrographical know- 
ledge, tliat a fresh exploration should be entered ui^on in the 
ensuing summer, and extended over a wider area ; and they now 
desire earnestly to recommend the matter to the favourable con- 
sideration of ]\ry Lords, in the hope that tlie aid of Her ]\Iajesty’s 
Government, which was so readily and liberally bestowed last 
year, may be afforded to the undertaking now contemplated, for 
Avhich such sujiport would be indispensable. 

“ In favour of the practicability and probable success of the 
])roposed fresh exploration, I am directed to explain that the 
objects to be aimed at, as well as the (jourse to be followed and 
the measures to be employed for their attainment, ]ia\e mainly 
been suggested by the observations made and the experience 
gained in the last Expedition. 

“ Furth(3r information as to the ])roposed exploration will be 
found ill the Peport, herewith transmitted, of a Coininittc'e to 
whose consideration the subject was referred by the Council. 

“D is understood that the requisite Scientific Ap])aratus and 
the remuneration of the Assistants to be employed would be 
provided by the Poyal Society. "With regard to the appliances 
which Her JMajesty’s Government may be asked to provide, the 
experience of the previous Exjiedition will furnish adequate 
guidance, whenever the general scheme may be approved. It 
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has appeared to the President and Council, that if the ship 
recpdrcd for the proposed service could he provided hy the 
temporary employment of one of Her Majesty’s Surveying 
Vessels now in commission, anything beyond a trifling outlay on 
the part of the Government would be rendered unnecessary. 

“ I remain, 

“Your obedient Servant, 

“ W. Shaupky, M.D., 

“ T/ic Secretary to the Admiralty.*^ “ Sec. R.S.*' 


llesolved, — That a Committee be appointed to consider the 
Scientific Apparatus it will be desirable to provide for the 
proposed Expedition. The Committee to consist of the 
President and Officers, with Dr. Carpenter, Captain llichards, 
Mr. Siemens, Dr. Tyndall, and Sir (diaries Wheatstone, 
with power to add to their number. 

That a sum of £200 from the Government grant be assigned 
to Dr. Carpenter for the further prosecution of Pesearches 
into the Temperature and Zoology of the Deep Sea. 

March 18, 18GJ). 

An oral communication was made by the ITydrographer to the 
effect that the Lords Commissioners of the Admiralty had 
acceded to the request conveyed in Dr. Sharpey’s letter of 
Eebruary 18; that Her jMajesty’s Surveying-vessel ‘Porcujiine’ 
had been assigned for the service ; and that the special equip- 
ment needed for its efficient jierformance was proceeding under 
the direction of her Commander, Captain Culver. 

April If), 18GJ). 

Head the following letter from the Admiralty : — 

“Admihalty, March 19, l<St59. 

“ Sir, — With reference to previous correspondence, T am com- 
manded by My Lords Commissioners of the Admiralty to 
acquaint you that Dr. Carpenter and liis Assistants, wlio liave 
been deputed by the Koyal Society to accompany the Expedition 
about to be dispatched to the neighbourhood of the Fierce Isles 
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for the purpose of investigating the bottom of the Ocean by 
means of deep-sea soundings, will be entertained wliilst embarked 
on board the/ Porcupine ’ at the Government expense. 

I am, Sir, 

“ Your obedient servant, 

“ W. G. Komaine.” 

“ The President of the Royal Society.*' 

Jane 17 , 1869 . 

Ttcad the following Eeport : — 

'' The Committee appointed Feb. 18, 18G9, to consider the 
Scientific Apparatus it will be desirable to provide for the pro- 
posed Expedition for Marine llesearch^s, beg leave to lay before 
the Council the following Report ; — 

‘‘The chief subjects of Physical Enquiry which presented 
themselves as interesting on their owm account, or in relation to 
the existence of Life at great depths, were as follows : — 

“ (1) The temperature both at the bottom and at various 
depths betwiHiii that and the surface. 

“ (2) The nature and amount of the dissolved Gases. 

(3) The amount of Organic matter contained in the water, 
and the nature and amount of the Inorganic salts. 

(4) The amount of Light to be found at great depths. 

“ Among these subjects the Committee thought it desirable to 
confine themselves in the first instance to such as hail ])reviously 
to some extent been taken in hand, or could pretty certainly be 
carried out. 

“ The determination of Temperatures has hitherto rested 
chiefly upon the registration of hiininmm Thermometers. It is 
obvious that tlie temperature registered by minimum tliermo- 
meters sunk to the bottom of the sea, even if their registration 
were unaffected by the pressure, would only give the lowest 
temperature reached soracwlirre between top and bottom, not 
necessarily at the bottom itself. The temperatures at various 
depths might indeed, provided they nowhere increased on going 
deeper, be determined by a series of minimum thermometers 
placed at different distances along the line, though this would 
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involve considerable diflicnlties. Still, the liability of the index 
to slip, and the probability that the indication of the thermo- 
meters would be aftected by the great pressure to which they 
were exposed, rendered it very desirable to control their indica- 
tions by an independent method. 

Two plans were proposed for this purpose, one by Sii* Charles 
AVheatstone, and one by Mr. Siemens. Both plans involved the 
employment of a voltaic current, excited by a battery on deck ; 
and required a cable for the conveyance of insulated wires. The 
former plan depended upon tlie action of an immersed Breguet’s 
thermometer, which, by an electro-mechanical arrangement, was 
read by an indicating instrument placed on deck. Tlie latter 
plan made the indication ^of temperature depend on the existence 
of a thermal variation in the electric resistance of a conducting 
wire. It rested on the equalization of the derived currents in 
two perfectly similar ])artial circuits, containing each a copjier 
wire running the whole length of the cable, tlie sea, and a 
resistance-coil of fine jilatinum wire ; the coil in the one circuit 
being immersed in the sea at the end of the cable, and that in 
the other being immersed in a vessel on dcH'k, containing water 
the temperature of which could be r(‘gulat(‘d by the addition of 
hot or cold water, and determined by an ordinary thermometer. 

The instruments required in Sir Charles Wheatstone’s plan 
were more expensivi*., and would take longer to construed ; and, 
besides, the Committee were unwilling to risk tJie loss of a 
somewhat costly instrument in case the cable were to break. 
On these accounts they thought it best to adoiit Ihe simpler 
plan proposed by Islv. Siemens ; and the a[)])aratus required for 
carrying the plan into execution is now completed, and in use in 
the expedition. 

jNfeaii while a ])laii had been devised by Dr. IVIiller for 
obviating the effect of ])ressure on a minimum therm oji^neter, 
without preventing access to the stem for the puipose of setting 
the index. It consists in enclosing the bulb in an outer bulb 
riveted on a little way u]) the stem, the interval between the 
bulbs being partly filhal with li([uid, for the sake of ([ui(;k(‘r 
conduction. The Committee have had a hnv minimum thermo- 
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meters constructed on this principle, which have been found to 
answer perfectly. The method is described in a short paper 
which will be read to the Society to-morrow. 

For obtaining specimens of water from any dejitli to which 
the dredging extends, the Committ(‘e have procured an instru- 
ment constructed as to its leading features on the plan of that 
described by Dr. Marcct in the Philoso])hical Transactions for 
1819, and used successfully in the earlier northern expeditions. 

''Mr. Gwyn Jeffreys is now out on the first Cruise of the 
‘ Porcupine,’ the vessel which the Admiralty have sent out for 
the puipose, and is accompanied by ^Ir. W. L. Carpenter, B.Sc. 
(son of Dr. Carpenter), who undertakes the general execution ol‘ 
the physical and chemical part of the inquiry. A letter has 
IxHUi receiv(ul by tlie President from ^Lr. Jeffreys, who speaks 
highly of tlie zeal and efliciency of Mr. Carpenter. The ther- 
mometers protect(‘d according to Dr. jMillers plan, and the 
instrument for ol)taining specimens of water from great depths, 
have been found to work satisfactorily in actual practice. Mr. 
Siemens’ instrument was not quite ready when the vessel started 
on her first Cruise, and was not on board when the above letter 
Avas written!. The gas-analyses have been successfully carried 
on, notwithstanding the motion of the vessel. From a letter 
subsequently received from Mr. Carpenter, it a[)pears that Mr. 
Siemens’ apparatus, so far as it has yet been tried, works in 
perfect harmony with the thermometers protected according to 
Dr. Miller’s plan. 

1 (), 

Pesolved, — That the liei)ort now read be received and entered 
on the Minutes. 
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P<aiicu1ai'S of Depth, Temperature., and Portion at the various 
Dredping Stations of Jf.M.S. ‘Porcupine,’ in the Sumviir 
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CHAPTER IV. 


TIIK CRUISES OF THE ‘ PORCUPINE ' {continued). 

From Shetland to Stornoway. — Phosphorescence. — The Eclunothundie. 
— The Fauna of the ‘ Warm Area.^ — End of the Cruise of ISdD. 
— Ai;rangomeiits for the Expedition o£ 1870. — From.Phigland to 
Gibraltar. — Peculiar Conditions of the Mediterranean. — Return to 
Cowes. 

Ai*im:ndix a. — E xtracts from the Minutes of Council of the Royal. 
Society, and other official documents referring to the Cruise of 
11.^1. S. ‘Porcupine’ during the Summer of 1870. 

Appendix B, — Particulars of Depth, Temperature, and Position at 
the various Dredging Stations of H.M.S. ‘ Porcupine,’ in the 
Summer of 1870. 

The hrackrted numbers to the woodcuts in this chujdrr refer to the dredgiim 
stations on TIates IV. and V. 

We left LerwioJe on the 31st of August, and ran 
south- and westward, passing close to Sumhurgh 
Head ; Pair Isle, of evil repute among mariners, 
lying on the southern horizon like a little grey 
cloud. The weather was still very fine, and we 
had a good tossing with scarcely a breath of wdnd 
in the famous lloost of Sumhurgh. Past Norna’s 
eyrie on the ‘ Pitful Head ; ’ past in the falling 
shadows of the autumn night the rocky Island of 
Poula, still the haunt of one or two pairs of the 
great skua gull, Lestris cataractes, a species fast 

L 
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hastening to join the dodo and the gair-fowl among 
the creatures of bygone times. 

We now steered somewhat to the north of west, and 
early on the Ist of September sounded in lat. 60° 17', 
long. 2° 63', at a depth of 103 fathoms, and a bottom 
temperature of 9°'2 0. We were still in the shallow 
water, and had not touched the arctic stream. All 
day we slipped over the edge of the plateau, dredging 
cliielly well-know«i Shetland forms, and the tempera- 
ture falling slightly, reaching in the afternoon at a 
depth of 203 fathoms, 8°'7 C. (Station 74). The next 
sounding, al)Out ten <miles farther north, gave us the 
stratum of intermixture, a temperature of 6°-5 C. at a 
depth of 250 fathoms. We ran about thirty miles in 
the night, and early next morning dredged in the 
frigid water again in lat. 60° 36' N., long. 3° 68' W., at 
a depth of 344 fathoms, with a bottom temperature of 
— 1°T 0., the temperature at the surface being 10°T C. 
rive-and-tweuty miles to the westward, we sounded 
again at noon of the same day at 560 fathoms, with 

-r-2C. 

In these two or three last cold dredgings the 
character of the bottom was much the same — gravel 
of the older rocks, and clay. The preponderance 
of echinoderms and sponges was again remarkable, 
and the paucity of mollusca, though in this region 
we took a Single specimen of a moliusk which 
seemed to be greatly out of its latitude. This was a 
pretty little hrachiopod, Flatydiaan omioides, Sacchi 
{Morrisia, Davidson), hitherto found only in the 
Mediterranean. The size of this specimen greatly 
exceeded that of Mediterranean examples of the 
same species, a singular circumstance which leads 
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our friend Mr. Gwyn Jeffreys to the somewhat 
hazardous presumption that “its original home is 
in the horeal, perhaps even in the aretic region.” 

Two very peculiar little sponges were met with here 
rather frequently sticking to stones. A short smooth 
column, about 20 mm. in height, is surmounted in 
one species, which must I think be identified with 
Thecophora semisuherites, Oscar Schmidt, by a soft 



Kig. — Thrroi.horu srtnisiihi rites, Oscar Schmidt. T\vii*e the iiatuial si/e. (No Tr>.) 


pad of spongy matter, with one or two jirojecting 
tubes with oseula in tlie centre. The other, which I 
shall call Thecophom ibla (Fig. 24), from its resem- 
blance to the eirripede of that name,, ends in a scaly 
cone with a single osculum in the middle. The outer 
wall of the column in both forms is firm and glossy, 
under the microscope composed of closely-packed 
sheaves of needle-shaped spicules with their termi- 
nation blunt and slightly bulbous. The sheaves are 

L 2 
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arranged vertically, and this peculiar tissue forms a 
complete sheath surrounding a pulpy mass of gra- 
nular horny and sarcodic matter which fills the 
interior. In this inner spongy substance sheaves of 
similarly shaped spicules arc likewise arranged ver- 
tically, but much more loosely; and the projecting 
scales forming the head of Thecophora ihla arc formed 
hy the projecting ends of such sheaves. Among 
echinoderms, Ophiacantha spinnlosa was one of the 



ihlii, Wyvillk Thomson. Twice the natural si/e. (Xd. 7(1.) 

prevailing forms, and we were greatly struck with 
the brilliancy of its j)hosphorosccncc. Some of 
these hauls were taken late in the evening, and the 
tangles were sprinkled over with stars of the most 
brilliant uranium green ; little stars, for the phos- 
phorescent light was mucli more vivid in the younger 
and smaller individuals. Tlie light Avas not constant, 
nor continuous all over the star, hut sometimes it 
struck out a line of fire all round the disk, flashing. 
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or one might rather say glowing, up to the centre ; 
then that would fade, and a deli nod i)atch, a centi- 
metre or so long, break out in the middle of an arm 
and travel slowly out to the point, or the whole live 
rays would light up at the ends and spread tlie fire 
inwards. Very young OphiacantlHB, only lately rid 
of their ‘ plutei,’ shone very brightly. It is difficult 
to doubt that in a sea swarming with predaceous 
crustaceans, such as active species of Dorynchns and 
MmiUla with great bright eyes, phosphoroseence 
must he a fatal gift. We had another gorgeoiis 
display of luminosity during this cruise. Coming 
down the Sound of Skye from Loch Torridon, 
on our return, we dredged in about 100 fathoms, 
and the dredge came up tangled with the long 
pink stems of the singular sea-pen Varonaria qna- 
(Jrangtilaris. Every one of these was embraced and 
strangled by the twining arms of Asirroiiy.v loiuhil, 
and the round soft bodies of the star-fishes hung from 
them like plump ripe fruit. The Paronarue were 
resplendent with a pale lilac phosphoroseence like 
the flame of c^’anogen gas ; not scintillating like the 
green light of Ophiacoiitha, hut almost constant, some- 
times flashing out at one point more brightly and 
then dying gradually into comparative dimness, hut 
always sufficiently bright to make every portion of a 
stem caught in the tangles or sticking to the ropes 
distinctly visible. Erom the numher of specimens of 
Pavonaria brought up at one haul we had evidently 
passed over a forest of them. The stems were a metre 
long, fringed with hundreds of polyps. 

Ophioclen serlcenm, h’oiiBES, and Ophioscolcx pur- 
puvea, D. and K., were likewisi' very common, and 
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in sand patches, Ophioglypha sarsii, LuTkbn. The 
most abundant asterid was Asteropecten tenuispi- 
nm, always a marked object from its bright red 
colour— with here and there an example of Archaster 
andromeda and JPteraster militaris. Every haul 
brought up several specimens of the so-called large 



Fio. — A rchoMer vcxillifcVy Wyville Thomson. Onvj-third the natural aizn. (No. 76.) 


form of Echinus norvegicus, here of a pale colour, 
somewhat conical, and looking suspiciously like 
small forms of E, flemingii. 

Along with one or two ^ecimens of Archaster 
andromeda, we took at Station 76 an exceedingly 
beautiful Archaster (Eig. 25), certainly by far the 
finest species yet dredged in the Northern Seas. 

The arms are flattened, somewhat square in section 
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owing to the position and size of the marginal plates, 
which run up nearly vertically from the side of the 
unusually wide amhulacral groove till they meet the 
edge of the perisom of the dorsal surface. The mar- 
ginal plates are thickly covered with rounded scales 
and hear three rows of spines — one at the upper edge 
(and this series in combination form a fringe round 
the dorsal surface of the star-fish), one near the centre, 
and one a little farther down towards the ventral 
edge. The amhulacral groove is bordered by ob- 
liquely placed combs of spine^, short towards the 
apex and centre of the arm, b^ becoming longer 
towards its base, and forming at the re-entering 
angles between the amhulacral grooves large sin- 
gularly beautiful pads ; each plate hearing a double 
row of spines, and each spine having a second sliort 
spine or scale on the end, an ari’angement W'hieh 
adds greatly to the richness of the hordei’ing. The 
inner spine of each comb on the side of tlie amhu- 
lacral groove is longer than the othei’s, and hears 
on the end a little oblong calcareous plate usiially 
hanging from it somewhat obliquely like a flag, 
with sometimes a rudiment of a second attached to 
it in a gelatinous sheath, which makes it pro- 
bable that it is an abortive pedicellaria. From 
this character, which is one wdiich cannot escape 
observation, I have called the species ‘ vexillifei'.' 
I know no star-fish in which the amhulacral grooves 
are so wide and the amhulacral tubes so large in pro- 
portion to the size of the animal as in this species. 
The dorsal perisom is closely covered with rosette-like 
paxillflB. The colour is a pale rose, with a tinge of 
buff. The amhulacral tubes, which Athen the animal 
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is living present a very marked feature from their 
great size, are semi-transparent and of a pale pink 
colour. 

We now took a run once more to- the southward, 
recrossing the boundary of the cold stream, and 
sounding successively in 290 fathoms, with a bottom 
temperature of 5°'3 C., and in 76 fathoms, with a 
temperature of 9°’4, practically the same result as 
in the former case; and in the next four Stations, 
80, 81, 82, and 83, we repeated the operation in- 
versely, sounding ii\ 92 fathoms, with a tempera- 
ture of 9°'7 C. ; in 142, with 9°’5 ; in 312, with 6 ^- 2 ; 
and in 362, with 3°‘0. 

After a run of about sixty miles in a south-easterly 
direction nearly parallel with the 100-fathom line, on 
the morning of Saturday the 4th of September we 
sounded in lat. 69° 34' N., long. 6° 34' W., with a 
depth of 165 fathoms and a temperature of 9°’5 C. 
Two other Stations after running distances of six 
and eight miles only took us once more over the 
edge of the bank and into the cold river, the first 
giving a depth of 190 fathoms, with a temperature 
of 9°’3, and the second 445 fathoms, and — 1° 0. 

As we were satisfied for the present with our work 
in the cold area, and as the next day was the day of 
rest, we steamed quietly westwards for about 100 
miles, past the Butt of the Lews and beyond the 
entrance of the channel to Station 87, lat. 69° 35' N., 
long. 2° 11' W., a point nearly in the middle line of 
the deep water of the channel, and consequently in 
the axis of the cold stream, the line in which the 
peculiarities of the cold area are most pronounced. 
Here a sounding gave us a depth of 767 fathoms and 
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a bottom temperature of 5° 2 C. We were thus in 
the warm area, and the dead-cold water of the cold 
area lying fifty or sixty miles off, with the bottom 
at a Uigher level, was completely banked in. The 
bottouh temperature here corresponded so closely 
Avith /that of the same depth in the Eockall Channel 
that apparently scarcely a drop of the Arctic in- 



Fii; '2(K—/(>rniistt'r fiihjni.'i, Wywllf. Tium^ios One-thinl tho iiatiinl size. (Xu 7S ) 


draught makes its escape in this direction. Tlu‘ 
dredge here brought up half a ton of Atlantic 
‘ globigcrina ooze,’ a load which tested its tackle 
and the donkey-engine to the utmost. The Avcight 
of the dredge itself with the AA'eight attached was 
8 CAA't., so that altogether the burden reached not 



154 THE DEPTHS OF THE SEA. [chap. iv. 

far short of a ton, and the distance it had to be 
dragged through the water was not much les.s than 
a mile. As was frequently the case when these 
great loads came up, there were few. of the 1 liglier 
animal forms in the dredge. The tangles brought 
up, however, two or three specimens of a very H and- 
some star-fish, the type of a new genus. 

Zoroaster fiilgens (Fig. 26) is a five-rayed star-fissdi, 
250 mm. from tip to tip of the arms, which run clost^ 
up to the centre leaving a small disk not more than 
20 mm. in diameter. There are four rows of sucking 
feet in the ambulacral grooves, a character which 
places the genus in the first division of the Asterida, 
along with AsteracantMon. The arms are compressed 
laterally, and run up to a central longitudinal ridge, 
which bears a row of large pointed spines articulated 
to a row of projecting knob-like ossicles. From this 
ridge bands of ossicles curve downwards to the edge 
of the ambulacral groove so close together and so 
thick and solid that the arms are continuously and 
strongly mailed over. The disk is paved with large 
calcareous tubercles with articulated spines; the tuber- 
cles and spines becoming larger towards the centre of 
the disk. The whole surface of the body is covered 
with long fine spines, with here and there a group 
of pedicellarim on short soft stalks attached to the 
tops of special spines, while a row of such spines 
bearing large groups of pedicellarim runs along, the 
edges of the ambulacral grooves. When living, the 
whole surface of the animal is covered with a 
quantity of glairy mucus. The colour of the perisom 
is a magnificent yellow scarlet, but it is very evan- 
escent, fading immediately in spirit. This is a 
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distinct, J as well as a very striking form. We only 
met with it on this occasion. The skeleton of this 
star-fish at first sight closely resembles that of some 
species ■ of O^hidiaster, for instance 0. asperulus, 
Lutke'n. It is at once distinguished, however, by the 
funda;inental character of the quadruple row of amhu- 
lacr^l suckers ; and the texture of the surface of 
the' star-fish is utterly different. The arrangement 
of the ossicles of the franm-woi’k is perhaps nearest 
jto that in Arthraater dixoni, Forbes, from the lower 
chalk of Balcombe pit near Amherley, Sussex ; hut 
the only specimen of that species, now in the British 
Museum, unfortunately does not show the arrange- 
ment of the plates in the ambulacral grooves. 

As our coals were beginning to run short, and 
what remained were blowing off fast — steaming 
against rather a strong head wind — we thought it 
prudent |o retrace our steps slowly towards Storno- 
way, dredging on our way. Accordingly, in the 
afternoon, we took a haul in lat. 59° 26' N., long. 
8° 23'* W., with a depth of 705 fathoms, and a 
temperature of 5°-9 C. Continuing our easterly 
course during the night, but heading slightly north- 
wards so as to come upon the ground where we 
had been previously so successful in dredging the 
singular anchoring sponges, we dredged in the 
morning in lat. 69° 38' N., long. 7° 46' W., with a 
depth of 446 fathoms and a temperature of 7°‘6 C. 
This haul was not very rich, hut it yielded one speci- 
men of extraordinary beauty and interest. As the 
dredge was coming in we got a glimpse from time 
to time of a large scarlet urchin in the bag. We 
thought it was one of the highly-coloured forms 
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of EcJiimis Jlem'mgii of unusual size, and afs it was 
blowing fresh and there was some little diffi'culty in 
getting the dredge capsized, we gave little heed to 
what seemed to be an inevitable necessity— i -that it 
should be crushed to pieces. We were somewhat 
surprised, therefore, when it rolled out of th\e bag 
uninjured; and our surprise increased, and was' cer- 



Fi<i. 27. - A Wyville Thomson. Two-lbirds llie natural size (No sd 


tainly in my case mingled with a certain amount of 
nervousness, when it settled down quietly in the form 
fef a round red cake, and began to pant — a line of 
conduct, to say the least of it, very unusual in its 
rigid undemonstrative order. Yet there it was with 
all the ordinary characters of a sea-urchin, its inter- 
ambulacral areas, and its ambulacral areas with their 
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rows of tube feet, its spines, and five sharp blue teeth ; 
and curious undulations were passing through its 
perfectly flexible leather-like test. I had to summon 
up some resolution before taking the weird little 
monster in my hand, and congratulating myself on 
the most interesting addition to my favourite family 
whicl;i had been made for many a day. 

Cidocria hystrix — for I have named this genus and 
s{)fGcies after our excellent Commander and his tidy 



Fkj. -JS.— r\(i hjisli'if, Wyvii.lk Thomson. Iihut siiHiiee of a portion of the test showing 
tlie .structure of the amlmlaerul and iiitcraiubulaerul areas. 


little vessel, in grateful commemoration of the plea- 
sant times we had together— is circular and depressed, 
rather more than 120 mm. in diameter, and about 
25 mm. high (Fig. 28). Both interambulacral and 
ambulacral areas are wide. The peristome and the 
periproct are unusually large ; the former covered with 
calcareous scale-like plates, perforated up to the rim of 
the mouth for the passage of ambulacral tube-feet, as 
in Cklaris ; tlie latter with a large madreporic tubercle 
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and five large round openings in the ovarial plates 
in the centre of which open the wide ducts fi'om the 
ovaries. The jaw pyramid; ‘Aristotle’s lantern,’ is 
large and strong, and formed on the plan of t he Dia- 
dematidfB, and the teeth are large and simply- chan- 
nelled. The point of structure, however, in which 
Calveria differs from all previously described r ecent 
urchins is the arrangement of the ambulacral and 
interambulacral plates. These, instead of meetung 
edge to edge and abutting against one another so a, s 
to form a continuous rigid shell as in most other 
echinids, overlap ono another ; the plates of the inter- 
arabulacral arem from the apical pole towards the 
mouth, those of the ambulacral are® from the mouth 
towards the apical disk (Fig. 28). In Calveria, the 
outer portions of the interambulacral plates leave 
spaces between them which are filled up with mem- 
brane, and the inner ends of the plates fetniHlrge wide 
expansions, which overlap greatly. The ambulacral 
pairs of pores are singularly arranged : they are in 
arcs of three, but two of the pairs of each arc penetrate 
small special accessory plates, Avhile the third pair 
penetrates tlie ambulacral plate near tlie end. The 
outer ends of the interambulacral plates overlap the 
outer ends of the ambulacral plates, so that the 
ambulacral are® are essentially within the interambu- 
lacral. The interambulacral plates bear each close to 
the outer end where they overlap the ambulacral 
plates, a large primary tubercle ; and two impferfeet 
rows of primary tubercles bearing long spines are 
ranged in the middle of the ambulacral are®; the 
remainder of the surface of the plates is thickly 
studded with secondary tubercles and miliary grains. 
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The spines are very delicate and hollow, with pro- 
jecting processes arranged in an imperfect spiral ; and 
resemble somewhat the small spines of the Diade- 
matidsD. The colour of the test is a rich crimson with 
a dash of purple, and it is very permanent ; the only 
perfect specimen procured which is 
preserved in spirit has not lost 
colour greatly to the present time. 

lar the summer of 1870, Mr. 

Gwyn JeflEreys, dredging on the 
coast of Portugal, took two nearly 
perfect specimens and several frag- 
ments of another species of the 
genus Calvcria; and subsequent 
careful examination of fragments 
and debris has shown that this 
second species, C. feneslrata, occurs 
likewise in. the deep water off the 
coast of Scotland and Ireland. The 
interambulacral plates are nar- 
rower, and leave larger membra- 
nous spaces between them, and the 
great key-like overlapping expan- 
sions in the middle line are much 
larger. The spines have the same 
form and are arranged nearly in 
the same way; but parallel to 
the outer row of large spines 
on each interambulacral space there is a row 
of four or five or more pedicellarise, of quite a 
peculiar type. The head of the pedicellaria, which 
is supported on a long stalk, consists of four valves 
(Fig. 29), the wide terminal portion of each forming 
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a beaiifiCul double fenestrated frame, with a peeuliar 
twist in it reminding one of a Campy lodiscus, and a 
very elegant erenated border. These disks are raised 
on delieate hollow })edieel8, which expand beneath, 
at their point of attachment to the common stalk. 
A large mass of muscle envelopes the lower part of 
the group of pedicels, and doubtless determines the 
movement of the valves in reference to one another. 

It is difficult to see what relation in position the 
valves can occupy when the instrument, whatever 
may bo its use, is closed. 

We now steamed onwards to the south-east for 
about ton miles, and put down our dredge, fully 
eejuipped with ‘ hempen tangles ’ and every accessory 
device for entrapping the denizens of the deep, exactly, 
as our Commander assured us, over the spot where we 
had dredged the HoUeniie early in the cruise. We 
got there in the evening, and adopted a plan which 
we had tried successfully once or twice before; we 
allowed the dredge to remain down all night, moving 
along with the drift of the vessel, and hauled it up 
in the eai-ly morning. I do not believe human 
dredger ever got such a haul. The special inhabit- 
ants of that particular region — vitreous sponges and 
eehinoderms — had taken quite kindly to tlxc tangles, 
Avarping themselves into them and sticking through 
them and over them, till the mass avus such that avc 
could scarcely get it on board. Dozens of great Uol- 
ienm, like 

“Wrinkled heads and aged, 

With silver beard and hair,” 

a dozen of the best of them breaking off just at 
that critical point Avherc everything doubles its 
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weight by being lifted out of the water, and sink- 
ing slowly away back again to our inexpressible 
anguish ; glossy whisps of Ilyalonema spicules ; a 
bushel of the pretty little mushroom-like Tisiphonia; 
a fiei’y constellation of the scarlet Astropecten tenuis- 
pintis ; while a whole tangle was ensanguined by the 
‘disjecta membra’ of a splendid Brisiuga. 

There was not much in the dredge-bag that was 
new. Some large Munkhe, with their ‘ spheery eyne ; ’ 
some fine specimens of Kophobelemnon midleri; an 
example of the Euryalid, Asteromjx lovmi, nearly 
the only Scandinavian echinoderm Avhich we had not 
))revioasly taken ; and an injured specimen of a 
ilexible urchin, Avhich we supposed to be of the same 
species as that procured the day before, although it 
differed greatly in colour, being of a uniform pale 
grey. Upon further examination, however, it proved 
to be the type of a totally different generic group of 
the same family. 

Bhormosomu placenta resembles Calceria in having 
the perisom flexible, the plates overlapping in the, 
same way and in the same directions ; but the plates 
overlap one another only slightly, and they leave no 
membranous spaces between, so that they form a 
continuous shell. The great peculiarity of this form 
is that the upper surface is quite different from the 
lower. Above, the ambulacral and interambulacral 
arese are well defined and in ordinary proportion, 
the interambulacral area) being just twice as wide 
as the ambulacral, and the sj)ines are much like 
those of Calceria, and are arranged nearly in the 
same manner. At the periphery the shell comes to 
a kind of ridge, and alters entirely ; from the edge 
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to the mouth the distinction between ambulacral 
and interambulacral areae is apparently lost, and 
the sutures between the plates can scarcely be made 
out ; the pore area? are reduced to mere lines of 
double pores, and tlie M'^hole of the surface of the 
shell is studded over uniformly with the very large 
areolae of primary tubercles, bearing spines which 
are small and delicate and apparently quite out of 
proportion to the mass of muscle connected with 
them Avhich fills the areolae. As in Galveria, the 
tuhercles are perforated. 

We have tlius become acquainted with three mem- 
bers of a family of urchins which, while differing 
in a most marked way from all other known living 
groups, bear a certain relation to some of these, and 
easily fall into their place in urchin classification. 
They are ‘regular echinids,’ and have the normal 
number and arrangement of the principal parts. 
They resemble the Cidaridre in the continuation of 
the lines of ambulacral pores over the scaly membrane 
of the peristome to the mouth, and they approach 
the Diadematidae in their hollow spines, in the form 
of their small pediccllarirc, and in the general structure 
of the jaw pyramid. ITom both of these families they 
differ in the imbricated arrangement of the plates and 
in the structure of the pore area?, to the widest extent 
coflipatiblc Avith belonging to the same sub-order. 

Many years ago Mr. Wickham Flower of Park 
Uill, Croydon, procured a very curious fossil from 
the upper chalk of Iligham near Rochester. It con- 
sisted of a number of series of imbricated plates 
radiating from a centre, and while certain sets of these 
plates were perforated Avith the characteristic double 
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pores of the urchins, these were absent in alternate 
series. Some points about this fossil, particularly 
the imbricated arrangement of the plates over portions 
indicating a circle at least four inches in diameter, 
caused great difficulty in referring it to its place. 
Edward Eorhes examined it, but would not hazard 
an opinion. The general impression was that it must 
be the scaly peristome of some large urchin, possibly 
of a large Cyphosoma, a genus abundant in the same 
bed. Some years after the discovery of the first 
specimen, a second was obtained by the llev. Norman 
Glass, from Charlton in Kent. * This specimen ap- 
peared at first to solve the difficulty, for it contained 
in the centre a well-developed ‘ lantern of Aristotle ; ’ 
there then was the peristome of the urchin, of which 
Mr. Flower’s specimen was the periproct. The late 
Dr. S. P. Woodward examined the two specimens 
carefully, and found tliat the question was not so 
easily settled. Jle detected the curious reversal of 
the imbrication of the plates in the ambulacral and 
interambulacra 1 areic which I have described in 
Calveria, and at one point he traced the plates over 
the edge of the specimen, and found that they were 
repeated inverted on the other side. With great 
patience and great sagacity he worked the thing out, 
and came to the conclusion that he was dealing 
with the representative of a lost family of regular 
echinids. 

Woodward names his new EcMnothttrkt, and 
describes the chalk species, E. jloris, almost as fully 
and accurately as we could describe it now Avith a 
full knowledge of its relations— for Echinothuria is 
closely related to Ccilvevia and Phonnosonia. In all 
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essential family cliaracters tliey agree. The plates 
imbricate in the same directions and on tlie same 
plan, and the structure of the ambulacral areas, 
which is so special and characteristic, is the same. 
EchiuotJmria differs from Ciiloeria in the wider inter- 
ambulacral and ambulacral plates, in the smaller 
amount of overlapping, and in tlie absence of mem- 
branous intervals; and from l^hormosoma it differs 
in having the structure and ornament of the apical 
and oral surfaces of the test the same. 

As the genus Enhiiiolhuria was tbo first described, 
I liavo felt justified In naming tlie family the Echino- 
thuridm. 1 have done this with the greater pleasure, 
as it brings into prominence a term suggested by 
my late friend Dr. Woodward, whose early death 
was a serious loss to science. In Dr. Woodward’s 
memoir, the following curious paragraph occurs : — 

“After this apparently conclusive demonstration, 
it appears desirable to give a name to this fossil and 
to attempt a short description, although its rank and 
affinities are still a matter of conjecture. At present 
it is one of those anomalous organisms which Milne 
Edwards compares to solitary stars belonging to no 
constellation in particular. The disciples of Von Baer 
may regard it as a ‘ generalized form ’ of echinoderm, 
coming, however, rather late in the geological day. 
The publication of it should be acceptable to those 
who base their hopes on the ‘imperfection of the 
geological record,’ as it seems to indicate the 
former existence of a family or tribe, whose full 
history must ever remain unknown.” The special 
bearings of the discovery of this group, and of 
several other animal forms allied to chalk fossils 
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living among the recent chalk-mud of the Atlantic 
sea-bed, will be discussed in a future chapter. 

While we were examining our wonderful dredge- 
load the little ‘ Porcupine ’ was steaming slowly 
southwards — past the island of Ilona, and Cape Wrath 
looking out into the north cold and blue, with the 
Avaves now curled up asleep at its feet, as if they 
never did any harm ; past the avcIcoiuc Eutt of the 
Lews, and into the little harbour of Stornoway. Here 
we remained some days; not sorry — even although 
our cruise had been thoroughly pleasant — to exchange 
the somewhat cramped routine of life in a gun-boat 
for the genial hospitalities of Stornoway Castle. 

The fauna of the ‘ warm area ’ is under circum- 
stances altogether special and peculiar, which must 
be discussed in full hereafter. While the cold area 
is sharply restricted, the warm area extends con- 
tinuously from the Pthroes to tlie Strait of Giliraltar. 
At all events the same conditions are continuous; 
hut as will he explained more fully hereafter, tlie 
whole 600 or 700 fatlioms of water doAvn to the 
bottom at the mouth of the Picroe Channel, corre- 
sponds Avith the surface layer only to a like depth in 
the llockall Channel or in the Atlantic liasin. The 
first 700 to 800 fathoms in all cases arc actually 
warm, hut Avhcrc the depth greatly exceeds 800 
fathoms, there is a mass of cold Avater beneath sink- 
ing slowly to nearly the freezing-point. The bottom 
therefore, the habitation of the fauna, is only Avarm 
where the depth is not greater than 800 fathoms, 
and in such a case only can the term ‘ Avarm area ’ 
he correctly applied. Such are the conditions otf 
Picroo, and it is. this Avhieh makes the contrast 
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behreen the warm and cold areas so marked in that 
region. The warm area, however, even as thus re- 
stricted, is continuous southwards so far as we know 
indefinitely for the North Atlantic, occupying the 
zone of depth along the coast from say 300 to 800 
fathoms. At great depths everywhere the clirnatal 
conditions approach those of the cold area, and the 
actual character of a fauna — an assemblage of animals 
at any one spot — must depend not merely upon tem- 
perature but upon the laws regulating the distribu- 
tion of deep-sea animals; a subject on which we know 
as yet very little. 

The bottom in the cold area in the Emroc Channel 
is rough gravel. That in the warm is everywhere 
nearly homogeneous ‘ globigerina ooze.’ This cir- 
cumstance alone is sufficient to determine a marked 
difference in the habits of the animals and their 
mode of life. 

Eeferring then to the foraminifera, the dredge came 
up throughout the warm area full of Qlohiyerina and 
Orbulina, and fine calcareous mud, the product of 
their disintegration. Among these Avere multitudes of 
other forms, most of them of large size. I quote from 
Dr. Carpenter. Speaking of the ILoUcnia ground, he 
says : — “The Foraminifera obtained on this and the 
neighbouring parts of the warm area presented many 
features of great interest. As already stated, several 
arenaceous forms (some of them new) AA^ere extremely 
abundant ; but in addition to these we found a great 
abundance of Miliolines of various types, many of 
them attaining a very unusual and some even 
an unprecedented size. As last year, we found 
Cormtspira resembling in general aspect the largo 
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OperculincB of tropical seas, and Biloculimt) and 
Triloculince far exceeding in dimensions the littoral 
forms of British shores ; and with these were asso- 
ciated Cristellarm of no less remarkable size, pre- 
senting every gradation from an almost rectilineal 
to the nautiloid form, and having the animal body in 
so perfect a state as to enable it to be completely 
isolated by the solution of the shell in dilute acid.” 

Sponges were extremely abundant, but they Avere 
restricted to only a small number of species ; all of 
them with one form or another of the curious an- 
choring habit. Among the Hekactincllidfe Iloltciiia 
Avas the most striking and the most abundant form. 
Ilyalonema Avas also common ; but avc got few per- 
fect specimens Avith the sponge and glass-rope in 
connection. The conical sponge heads Avere very 
numerous; they seemed to have been torn oif by 
the edge of the dredge, the rope remaining in 
the mud, and the ropes Avere Irequently brought 
up without the sponge. Almost all the ropes Avere 
encrusted Avith the constant ‘commensal’ of ITi/a- 
loiiema, Balythoa fatua. Very young examples of 
Myalonema, Avith the Avhisp from 5 mm. to 20 mm. 
long, had usually no Bylathou on them ; but Avhen 
they had attained above the latter dimensions in 
almost every case one could see the first polyp of 
the Palytlioa making its appearance as a small 
bud, and its j)ink-encrusting caniosarc spreading 
round it. By far the most common sponge in the 
chalk-mud is the pretty little hemispherical corti- 
cate form Tmiphonia agariciformis. This species, 
though differing from it greatly in appearance and 
habit, s6ems to be closely allied to a strong, hea\y 
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encrusting sponge which wc met w'ith frequently 
sticking to stones in tlie ‘ cold area.’ The form of 
the spicules was nearly though not quite the same, 
and their arrangement was very similar. It appeared 
as if the two forms placed in intermediate circum- 
stances might have approached one another very 
closely. 

In the warm area, as in the cold at these great 
depths, there is a. singular absence of Ilydrozoa. A 
few species of Sertidaria and Plumularia, and one or 
two allied forms occurred, and they are now in the 
skilful hands of Dr. Allman for determination; but 
their small number and insignificance is remarkable. 

Neither are the true corals represented by numer- 
ous species, although in some places individuals 
are enormously abundant. During the ‘ Porcupine ’ 
cruises of 1809 twelve species of Madreporaria were 
procured which have been determined by Professor 
Martin Duncan. None of these belong to ‘ reef- 
building ’ genera, but to a group which ai’c recog- 
nized as deep-sea corals, a group which appears to 
have had nurao’ous representatives during all the lat(!r 
geological periods. In a band somewhat restricted 
in depth, extending downwards from the 100-fatbom 
line, w'e met in some places with very large numbers 
of many varieties of Caryophyllia borealis, Elkmino 
(Fig. 4) ; and at depths of 300 to 600 fathoms the 
handsome branching Lophohelia prolifera, Pallas 
(Fig. 30), forms stony copses covering the bottom 
for many miles, the clefts of its branches affording 
fully appreciated shelter to multitudes of Area 
nodulosa, Fsolus sqitamakis, Ophiopholis aculeula, 
and other indolent ‘ commensals.’ 
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Five species of Amphihelia are cited by Professor 
Martin Duncan from the ‘ Porcupine ’ expedition 
A. profanda, Pourtales ; A. oculuta, L. sp. ; A. mio- 
ceuica, Sbgubnza ; A. allantica, n. sp. ; and A. ornutu, 



Fiij. ■^{).~Lophoh€lin pwli/i ia, Palla^s (sp.). 'llin c-louiili.s ILe nalmal size. (Ino lO.) 


n* sp. ; and on one or two occasions, chiefly on tlic 
verge of the cold area, the hempen tangles involved 
some elegant fragments of the stony coral Allopora 
ocidina, Eiiuenrerg (Pig. 31). 
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Altliougli many of the cchinoderins of the cold 
area are common to the warm, the f^eneral facies 
of the echinoderm fauna is different, and there are 
a number of additional and very striking forms. 

Cidaris papilliita, Lesku, is abundant at moderate 
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depths. On our second visit to the lloltonia ground 
we dredged one small specimen of the handsome 
urchin already described, Forocklons piirpiimla. 
A line brilliantly-coloured urchin of the Echtnns 
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Jlemingit group, but distinguished from A’, jlemingii 
l)y characters which I must regard as of specific 
value, Echinus microstoma, Wyvillk Tuomson, was 
common and of large size ; and along Avith it many 
very beautiful brightly-coloured examples of the 
smallest form of E. norcegicns. 

The three species of the Echinothuridm, Calveria 
Jigstrix, C. feuestrata, and Ehormosoma placenta have 
as yet been met with in this region only, and they 
seem to have a wide distribution, stretching at about 
the same depth and temperature from the Fmroe 
Islands to the south of Spain,* I hear from Pro- 
fessor Alexander Agassiz that Count Pourtalcs has 
dredged fragments of one of the sj)eci<'s under nearly 
similar circumstances in the Strait of Plorida. 
Crihrella sanguinolenta Avas in thousands, of all 
colours — scarlet, bright orange, and chocolate brown. 
Several examples Averc found of a tine Scgtaslcr, 
probably identical Avitli the Astcrias canariensis ol‘ 
ITOrbiifiiv, and if so havin'? a soutlicrn distribu- 
lion. The curious little Eedicellaster ty picas of 
Sars Avas not unfrequent ; a form Avhich looks very 
much like the young of something else. One small 
specimen of Elcraster militaris came up from the 
lloUenia ground, but Avitb the exception of Astro- 
pecten temiispinns, Avhich seemed to be more abun- 
dant than cAmr, the characteristic arctic eehino- 
derms AA'ere absent. We took no examples here of 
Toxopneustes drohachiensis, Tripyltts fragitis, Ar- 
chaster andromedit, Ctenodisciis crispatns, Astropecten 
arcticiis, Euryale liukii, Ophioscolex glaciulis, or 
Antedon escrichtii. It is very likely that there may 
be colonies in the ‘ Avarni area ’ of some or of all of 
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tliese — for the region in which they arc common 
nnder very ditterent climatal conditions is within a 
few miles, and there is no intervening barrier — but 



Kui :',2. - Oj>hioius),ii(iii liftiiuiii, Wvmlm-. Thomson. Dor.sal surface ; natural si/o. (No. 40 ) 

they certainly are not abundant. Amphinm ahiffi- 
sicola, Sajis, was in gi’cat numbers sticking to the 
sponges, and Ophiacantha spinnlosa Avas nearly as 
common as in tlie cold area. 
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We took one oi* two small examples of a very tine 
opliiurid, of Avliich larger specimens had been pre- 
viously found at about the same depth and tem- 
perature during the second cruise of the same 
season off the coj ' " " 

ought to he refevi 



Fio. 33.—Oj[>hiomusiuni lymnni, Wvviu.e Thomson. Oral surface. 


though the characters of the genus must he some- 
what altered to admit it. Ophiomiisiiim ehunicim, 
Lyman, of which sevei’al specimens Averc taken by 
Count Pourtalcs at depths of from 270 to 335 
fathoms, off Sandy Key, is distinguished by the 
great solidity and complete calcification of the 
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perisom. The plates of tlie disk are soldered 
together, so as to form a close mosaic {uvauov). 
The mouth-papillae arc fused into two lines, their 
number being only indicated by grooves. The 
lateral arm-plates arc united together above and 
below, the upper and lower arm-plates are reduced 
to mere rudiments, and there are no tentacle pores 
beyond the first arm-joints. 



Imo. ;;•! —Lfonj)icliHS thumsoni, Nuum.nn. Once niul a half the natural size ; everywhere in 

deep water. 


In our new species, Avhich I name provisionally 
Ophiomusmm hjmani, the diameter of the disk is 
28 mm., and the length of each arm 100 mm. in 
large specimens. The two lateral arm-])latcs, fused 
together above and below, form complete rings, their 
distal edge notched on each side for the insertion of 
seven arm spines, of wdiich the lowest is much longer 
than the rest. The dorsal arm-plates are small and 
diamond-shaped, let in between the lateral arm- 
plates at the distal end of • their upper line of 
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junction. Tlie ventral arm-plates are entirely absent. 
This is a large handsome star-fish. T am not aAvare 
of any fossil form which can be referred to the same 
genus ; but it looks like a thing which might be 
expected to liave congeners in the upper chalk, 
llolothurids were not frequent, but the singular 
little Bchinocucumls typlca of Sars, covered with 
spiny plates, turned up in every sifting. 



hiw n.) -Ahuthid c'lrpenteri, 'SoK'iix'n. Once, ami a half the imtuval sl/.o {So 47. 


Crustacea are numerous ; but we have here entirely 
lost the gigantic Arctic amphipods and isopods of 
the ‘ cold area.’ A pretty little stalk-eyed form 
Dorynchus thomsoni, NoR5IA^^ (Fig. 84), small and 
delicate, and ATry distinct from all previously de- 
scribed species of the genus, is A'ery Avid('ly dilluscd. 
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This crab, from its long spiny legs and light body, 
very often comes up entangled on the part of the rope 
which had been passing over the ground. Another 
handsome new species, Amathia carpenteri, Norman 
(Fig. 35), was common in the sandy chalk-mud of the 
‘ Jloltenia ground.’ The genus had previously been 
familiar as a Mediterranean form. 

I quote from a preliminary notice of the Crus- 
tacea by tbe llev. A. Merle Norman : “ Ethusa 
gmmlata (sp. n.), the same species as that found 
off Valentia, but exhibiting a most extraordinary 
modification of structure. The examples taken at 
110 — 370 fathoms in the more soutlicrn habitat 
have the carapace furnished in front with a spi- 
nose rostrum of considerable length. The animal 

o 

is apparently blind, but has two remarkable sjiiny 
eye-stalks, with a smooth roundf'd termination 
where the eye itself is ordinarily situated. In tlie 
specimens however from the north, which live in 
642 and 705 fathoms, the eye-stalks are no longer 
moveable. They have become firmly fixed in tlieir 
sockets, and their character is quite changed. Tlu;y 
are of much larger size, approach nearer to each 
other at their base, and instead of being roundcal 
at their apices they terminate in a strong rostrate 
point. No longer used as eyes, they now assume the 
functions of a rostrum ; while the true rostrum so 
conspicuous in the southern specimens has, marvellous 
to state, become absorbed. Had tlicre been only a 
single example of this form procured, we should at 
once have concluded that we had found a monstrosity, 
but there is no room for such an hypothesis by which 
to escape from this most strange instance of modifi- 
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cation of structure under altered conditions of life. 
Three specimens were procured on two different 
occasions, and they are in all respects similar. 

Mollusca are much more abundant and varied 
in the warm area than in the cold. Mr. Gwyu 
Jeffreys remarks, however, that there is not such 
a decided difference in the Molluscan fauna of the 
two regions as might have been expected from the 
difference in their conditions ; very many species 
being common to both. At 500 fathoms the sponges 
are full of Pecten vitreus, Chem., and Columhella 
Imlketi, Jefekeys ; and throughout the area species 
occur of many ]\tolluscan genera, ineluding Lima, 
Deterklium, Nucula, Leila, AIontacnta,Axinns,A8tarte, 
Tellina, Nececa, Dentalium, Cadulns, Siphonoden- 
lalhtm, Bissoa, Adis, Odoslomia, Aporrhais, Flciiro- 
loma, Fusns, and Baccinmn. 

Taken as a whole the fauna of the warm area off 
the north of Scotland seems to he an extension of 
a fauna with which we are as yet very imperfectly 
acquainted, occupying what wo must now call 
moderate depths, say from 800 to 800 fathoms, 
along coasts wliich are bathed by currents of equa- 
torial Avatcr. The fauna of this zone is evidently 
extremely rich ; and as it is hi^yond the reach of 
ordinary dredging from an open boat, and yet not 
at a sufficient depth to present any Aery great diffi- 
culty from a yacht of average size, its exploration 
seems to present just the combination of adA^enture 
and novelty to stimulate amateurs ; so Ave may 
hope shortly to have its conditions and distribution 
cleared up. A most successful step in this direction 
has been made already by Mr. Marshall Hall, Avho 
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Avitli his yacht ‘ Norna,’ and with the aid of Mr. 
Savillo Kent, has thrown a good deal of additional 
light uj)on tlie zoology of tlie ‘ warm area ’ off the 
coast of Portugal. 

W(; left Stornoway on the 13th of Scptemher, and 
in the afternoon dredged for a few hours in Loch 
Torridon Avithout much result. Late in the evening, 
steaming down llaasay Sound, avc came upon the 
luminous forest of Paconana to which I have already 
referred. At noon, on the 1 Ith, Ave Avere abreast of 
the Island of j\Iull, and on tlie lotli we were once 
Anore moored in tire Al)ercorn Easin, Belfast, Avhere 
Ave took leaA^e of the ‘ Porcupine ’ and our highly- 
valued frieiids her caplaiji and oUlcers ; in the hope 
of meeting them again shortly, and thoroughly 
satisfic'd with the success of our summer’s Avork. 

On the 2Mh of March, 1S70, a letter was read at 
the council meeting of the lloyal Society from ])r. Car- 
penter, addressed to the Pn'sidc'ut, suggesting that an 
exploration of the deep sea, such as Avas carried out 
during 1S08 and 18(10 in the regions to the north and 
west of the British Islands, should now he extended 
to the south of Europe and the IMediterranean, and 
that the council of the Boyal Society should recom- 
mend such an undertaking to the favourahlc con- 
sideration of the Admiralty, Avith a vic'W to obtain 
the assistance of Her IMajesty’s Government, as on 
the previous occasions. The ollicial correspondence, 
Avith reference to the ('xpedition of tlui summer of 
1870, is given in iVppendix A to the present chapter. 

It Avas intended, as on the previous occasion, to 
divide this year’s expedition into cruises; and again 
Mr. GvAyn Jellreys undertook the scientific direction 
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of tlie first cniiso, at a tiiiicMvhon both Dr. Carpenter 
and I were occupied ivilli our olficial work. A young 
Swedish naturalist, Mr. Joshua Lindahl of tlio Uni- 
versity of Lund, accompani(;d liim as zoological 
assistant, and Mr. AV. Jj. Carpenter took charge; of 
the chemical department. It was arranged that JMr. 
Jeffreys’ cruise should extend from Lalmoutli to 
Gibraltar. Dr. Carpenter and T were to have re- 
lieved him at Gibraltar, meeting tlie vessel there, and 
to have Avorked togellu'r as Ave did tlie yejar before; 
but t Avas unfortunately laid up Avith an attack of 
fever, and the Avhole eharge ol‘ the last cruise in the 
Alediterrancan rested Avith Dr. Carpenter. Owing to 
this untoward eireumstanee, I must give at second- 
hand the brief account of the fn-st part of the Avork 
of the year 1870 Avhich is necessary to completi; the 
sketch of Avhat has been done towards the illus- 
tration of the condition and fauna of the Aorth 
Atlantic. In the Mediterranean Dr. Car])enter found 
the conditions of temperature and of the distriltu- 
tion of animal life entirely exceptional, as might 
have beem to a certain extent anticipated from the 
cxcc])tional circumstances of that land-locked sea. 
The investigation of 1870 can only be said to have 
broken ground toAvards the solution of a seru's of 
very special and peculiar problems; and I am not 
in a position to go farther at present than to indicate 
the general results at Avhich mv colleague has arrived. 

The ‘ I’orcupinc ’ left k’almouthon the tth of July, 
but Avas detained in the Channel for several days by 
fogs and contrary Avinds. On the 7th of July, they 
reached the slope from the plateau of the Channel to 
the deep Avat(‘r of the Atlantic, and took a iirst haul 

N 2 
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in 567 fathoms. Mr. Jcffroys reports the contents of 
the dredge as small hnt very interesting. Among 
the mollnsca he notes Terehra lula fteptala, L'mopsis 
horeaU.9, Ilela tenella, Verticordia abi/ssicolft, Turbo 
filosus, and Ringicnla venlricosa. Turbo filosus and 
its variety T. gMmitus had previously been known 
only as fossils in the tertiaries of Calabria and IVtcs- 
sina. To.rohraluhi septata, Limopsts borealis, and 
Jlela tenella are likewise fossil in the Pliocene beds of 
sonthern Italy, and arc fonnd living in the Scandi- 
navian seas. Mr. Norman notes among the crus- 
taceans new species of Ampelisca and of six other 
genera ; and the beautiful scarh't Echinus microstoma 
was the most conspicuous cchinoderm. 

The wind, as the vessel passed over the slope of the 
Channel, was rather too light for successful dredging ; 
the drift-Avay Avas scarcely sudlcient to carry the 
dredge along. The tangles Avere most valuable, 
coming in as highly elfective aids, pariicularly in 
securing all things providtxl Avith anything in the 
form of spines or other asperities. 

On the 8th the first haul Avas nearly a failure. Other 
hauls later in the day, at 090 and 500 fathoms, gave 
important results. Jthynchonetla sicula, Skgitenza ; 
Pleuroncctla, sp. n. ; and AcUv.on, sp. n., occurred : 
besides the usual northern species. Mr. Norman 
reports as to No. 3: “A most important dredging, 
the results among the Crustacea being more valu- 
able than all the rest put together— at any rate 
of the first cruise. It contains almost all of the 
choicest of the new sjiecies in last year’s expedi- 
tion, and four stalk-eyed crustaceans of great in- 
terest, three of Avhich are ncAv, and the fourth. 
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Geryon tridens, is a fine Norwegian species. With 
these arc associated two forms of a more southern 
character, Inacims dorsettemis and Ebalia cranchii, 
wiiich I should not have expected at so great a 
depth.” The echinoderms were a very nortliern 
group. They included Cidaris papillala. Echinus nor- 
vegicus and E. microstoma, the young of Erissopsis 
lyrifera, Astropecten arclicus, Archasler andromeda, 
and A. parellii, with a small specimen of Ophio- 
musimi lyniani, several examples of Ophiacmitha 
spinulosa, and as usual one or two of the universally 
distributed Echinocucumis typiem Dr. McIntosh, to 
whom the annelids were referred, notices as a species 
sui)posed to he specially northern, Thelepus coro- 
nahis, Eab. ; and ILoUenia carpenteri, our familiar 
anchoring sponge, of all sizes and ages and in consider- 
able numbers, was entangled in the hempen ‘ swabs.’ 

July ^Ih. — The wind still too light for effective 
work. Dredged in 717 and 358 fathoms, the assem- 
blage of mollusca having the usual character of being 
to a great extent common to the recent fauna of the 
seas of Norway and to the plioceme fauna of Sicily 
and the Mediterranean. It included on this occasion 
Tcrehrutella spilzbergensis, an arctic and Japanese 
form, Eecten vitreus, and P. aralus, Leda pernula, 
Trochus snturalis, Odoslomia nileiis, and Eleurotoma 
hispidulum. Among the echinoderms was a fine 
specimen of Erisinga endeemnemos, Absjounsen, 
very markedly different from E. coronata, which was 
the form commonly met with in the north. The 
corals were represented by Amphihelia oculata and 
Eesmophyllum crista-galli. Among the annelids were 
Eista cristata, O. F. Muj.leb, and Trophonia glauca, 
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Malmgrun, both of them Arctic species. The 10th 
was Sunday, and the vessel lay -to, and on the 11th 
they dredged, still on the slope of the channel plateau, 
Avith nearly the same result as before, the fauna 
maintaining the same character. 

Mr. Gwyn Jclfroys was noAV anxious to get a haul 
or two in the very deep wat('r olT the mouth of the 
Hay of Biscay, which we had explored successfully 
in 1809. They therefore steamed soutlwards, going 
a considerable distance Avithout dredging, as they 
AA'crc afraid of coniing in contact Avith the cable 
betAveen Brest and Korth America. When they got 
to their ground unfortunately bad Aveather set in, 
and they Avore obliged to ]nako for Vigo. On Thurs- 
day, July Hill, they passed Cape Binisterre, and 
dredged in 81 fathoms about 9 miles from the 
Spanish coast. Along Avith a number of familiar 
forms, some of tliem Avith a Avide northern exten- 
sion, they here took on the tangles tAVO specimens, 
one young and one apparently mature, both con- 
sidei’ably injured, of the singular Echinidean already 
mentioned, Calnerkt fenestmta. This is evidently 
not a rare form, nor is it confined to very deep water ; 
it is rather remarkable that it should have escaped 
notice so long. On the 15th, they sounded in from 
100 to 200 fathoms, about 10 miles from Vigo, and 
on the 10th took one or tAvo hauls in Vigo Bay at 
a depth of 20 fathoms. This locality had already 
been Avcll-nigli exhausted by Mr. McAndrcAV in 1819, 
and only a few additions were made to his list. 

They left Vigo on the 18th. I quote from Mr. 
(lAvyu Jeffreys : — 

“ W ednesday, July 'iOth . — Dredged all day with 
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considerable success at depths from 380 to 994 
fathoms (Stations 14-lG) : the wind and sea had now 
gone down ; and we took with the scoop-net a few 
living specimens of Clio empidata. The dredgings in 
380 and 4G9 fathoms yielded among the mollusca 
Leda iiicida (Norwegian and a Sicilian fossil), Axhms 
eiimyarim (also Norwegian), Newm ohesa (Spitz- 
bergen to the west of Ireland), Odonlomia, n. sp., 0. 
mimiia (Mediterranean), and CeriUiimn, n. sp. ; and 
among the echinoderms were Brisimja endecaenewoti 
and Aderonyx lorJuii. But the results of the dredg- 
ing in 994 fatlioms were so extrtfordinary as to excite 
our utmost astonishment. It being late in the even- 
ing, the contents of the dredge could not be sifted 
and examined until daylight the next morning. We 
then saw a marvellous assemblage of shells, mostly 
dead, but com})vising c(!rtain species which we had 
always considered as exclusively northern, and others 
which Mr. Jeffreys recognized as Sicilian tertiary fos- 
sils, while nearly 40 per cent, of the entire }iumber 
of species were undcscribed, and some of them repre- 
sented new genera. The following is an analysis of 
the mollusca perfect and fragmentary takem in this 


one haul : — 
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The northern species above referred to are 34 in num- 
ber, and include Dacridium vitrcim, Nucula pumila, 
Leda liicida, L. frigida, Verticordia ahyssicola, Neara 
jagosu, N. obesa, Tecturafulvn, Fissurisepta papillosa, 
Torellia vestita, Fleiirotoma turricula,Admetevi7'idula, 
Cylichna. ulbu, Cylichia ovala, Jeffreys n, sp., Bulla 
i'.onnlus, S. Wood not Desha yes (Coralline Crag), 
and Scaphandct' Ubinrius. Leda liicida, Necem jugosa, 
TecUi7'afulm, Fissurisepta papillosa, Torellia vestita, 
as well as several other known species in this dredging, 
are also fossil in Sicily. Nearly all these shells, as 
well as a few small* cchinoderms, corals, and other 
organisms, had evidently been transported by some 
current to the spot wlicre they were found ; and they 
must have formed a thick deposit similar to those of 
which many tertiary fossiliferous strata arc composed. 
It seemed probable also that the deposit was partly 
caused by tidal action, because a fragment of Melam- 
pm 7wyosotis (a littoral pulmonibrancb) was mixed 
with deep-water and oceanic Pectinibranchiates and 
Lamellibranchiates. None of the shells were Miocene 
or of an older 2)eriod. 

“This rctnarkable collection, of which not much 
more than one-half is known to conchologists, not- 
withstanding their assiduous labours, teaches us how 
much remains to be done before we can assume that 
the record of Marine Zoology is comjdete. Let us 
compare the vast expanse of tlic sea-bed in the North 
Atlantic witl) that small fringe of tlie coast on both 
sides of it which has yet been partially explored, and 
consider wnth reference to the dredging last men- 
tioned Avhat are the prospects of our ever becoming 
acquainted with all the inhabitants of the deep 
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throughout the globe ! We believe, however, that a 
thorough examination of the newer Tertiaries would 
materially assist us in the inquiry; and such exami- 
nation is feasible and comparatively easy. Much 
good work has been done in this line ; but although 
the researches of Erocchi, Bivona, Cantraine, Phi- 
lippi, Calcara, Costa, Aradas, Brugnone, Seguenza, 
and other able palaeontologists in the south of Italy 
have extended over more than half a century, and 
are still energetically prosecuted, many species of 
molluscous shells are continually being discovered 
there, and have never been pub*lished. Besides the 
TVIollusca in this dredging from 994 fathoms. Pro- 
fessor Duncan informs us that there are two now 
genera of corals, and Flahellmn distinchm, which last 
he regards as identical with one from North Japan. 
It coincides Avith the discovery on the Lusitanian 
coasts of two Japanese species of a curious genus of 
Mollusca, Veriicordki, both of which are fossil in 
Sicily and one of them in the Coralline Crag of 
Sullblk.” 

Ill tlie same dredging there arc a number of very 
singular undcscribed sponges, many of them recalling 
some of the most marked characters of one of the 
sections of Ventriculatcs. These will be referred to 
in a future chapter. 

On Tliursday, the 21st of July, dredging Avas 
carried on all day at depths from (500 to 1095 fathoms, 
hit. 39° 42' N., long. 9° 43' W., Avith a bottom tempera- 
ture at 1095 fathoms of 4° ’3 C. and at 740 fathoms 
of 9°-4 C. The dredging Avas most successful ; many 
of the ncAV and peculiar mollusca of 'the last dredging 
Avere taken here alive, Avith several additional forms. 
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Several nndescribed crustaceans were added ; — a new 
species of the genus Ccenooyathm among the corals, 
and a species of an unknown genus allied to Bathy- 
cyallms. Brislnya endccacnemos and some new oplii- 
urids were part of tlie treasures, but the greatest 
prize was a splendid Bentacrinm about a foot long, of 
Avhicli several specimens came up attached to tlio tan- 
gles. This northern Sea-lily, on which my friend Mr. 
Gwyn Jeflfroys has bestowed the name Pentacrimis 
toyvillo-thomsoni, Avill be described hereafter with some 
other equally interesting members of the same group. 

Cape Espichel Av'as reached on the 25th. The 
weather was now, however, so rough that Captain 
Calvcr was obliged to take shelter in Sctubal Jlay. 
Professor Barboza de Bocage of Lisbon had given 
Mr. Gwyn detfreys a letter of introduction to the 
coastguard officer at Setubal, Avho knew the place 
where the dcep-sca shark and the JTyalonema arc 
taken by the fishermen, but the state of the Aveather 
prevented his taking advantage of it. 

Off Capo Espichel in 710 and 718 fathoms, Avitli a 
temperature of 10‘’'2 C., the mollusca Avere much the 
same as those from Station IG, but included Ledo 
imsio, Limopsif! pyynnva (Sicilian fossils), and Tcrtl- 
cordia acuticostota. The last-named species is in- 
teresting in a geological as avcII as a geographical 
point of view. It is fossil in the Coralline Crag 
and the Sicilian Pliocene beds, and it noAV lives in the 
Japanese archipelago. Mr. Jeffreys suggests a mode 
of accounting for the community of so many species 
to the eastern borders of tbe Atlantic basin and the 
Mediterranean, in which several Japanese brachi- 
opods and crustaceans are found, and the seas of 
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more than we yet do of the extension both in time 
and space of tlie fauna of deep Avater before wo can 
come to any certain conclusion on these questions. 

Dredffin" across the entrance of the Strait of Gib- 
raltar in 477, 651, and 554 fathoms, Stations 31, 32, 
and 33, Avith a bottom temperature of 10'’-3, 10° 1, 
and 10° 0 respectively, many remarkable forms Avere 
dredged, including a very elegant sponge, apparently 
allied to, if not identical Avith, Oscar Schmidt’s 
Caminns milcani, and some beautiful forms of tbe 
Corallio-spongia;, Avhich Avill be noticed in a future 
chapter. Station ‘No. 31 yielded a sponge form 
which recalled the branching heather-like Cladorhiza 
of the cold area olf Ea;roc. Chondroeludia virgalu 
(Eig. 30) is a graceful branching organism from 
twenty to forty centimetres in height. A branching 
root of a cartilaginous consistence, formed of densely 
packed sheaves of needle-shaped spicules bound 
together by a structureless organic cement, attaches 
the sponge to some foreign body, and supports it 
in an upright position ; and the same structure is 
continued as a solid axis into the main stem and the 
branches. Tlie axis is made up of a set of very definite 
strands like the strands of a rope, arranged spirally, 
so as to present at first sight a strong resemblance to 
the Avhisp of IIij<donema ; but the strands are opaque, 
and break up under the point of a knife ; and under 
the microscope they are found to consist of minute 
ncedlc-like spicules closely felted together. The soft 
sponge substance spreads over the surface of the axis 
and rises into long curving conical processes, towards 
the end of which there is a dark greenish oval mass 
of granular sponge matter, and the outline of the 
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cone is continued beyond this by a number of 
groups of needle-shaped spicules which surround a 
narrow oscular opening. All parts of the sponge 
arc loaded with triple-toothed ‘ hihamate ’ spicules of 
the sarcode. 

On the 5th of August the ‘ Porcupine ’ steamed into 
Tangier Bay, after ineffectually trying to dredge in 
190 fathoms off Capo Spartcl. In Tangier Bay two 
casts were taken at a depth of 35 fathoms. The 
fauna was chiefly British, with a few more southern 
forms. 

On the 0th of August Mr. J^freys went to Gib- 
raltar, and there yielded up the reins to Dr. Car- 
penter, going on to Sicily vid IVIalta, for the purpose 
of examining the newer tertiary formations in the 
south of Italy, and the collections of fossil shells at 
Catania, Messina, Palermo, and Naples, in connec- 
tion with the results of his cruise. 

On Monday, the 15th of August, Captain Calver, 
with Dr. Carpenter, who fortunately retained the 
services of Mr. Lindahl as assistant, in charge of the 
science department, steamed out into the middle of 
the Strait for the purpose of commencing a series 
of observations on the currents of the Strait of 
Gibraltar. 

These experiments, which at the time wore not 
considered very satisfactory, u'ere repeated and ex- 
tended in the summer of 18*71 by Captain Nares, 
B.N., and Dr. Carpenter, in H.jM.S. ‘ Shearwater.’ 
Tlieir curious results have been given in great detail 
by Dr. Carpenter in the Proceedings of the Iloyal 
Society of London, and by Captain Nares in a special 
report to the Admiralty. As it is my purpose to 
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confine myself at present almost exclusively to tlie 
description of the phenomena of the deep water in 
the Atlantic so far as these have been worked out, I 
will not here repeat the narrative of the experiments 
in the Strait. I will, however, give a brief sketch of 
Dr. Carpenter’s cruise in the JVlediterrancan, as the 
remarkable phenomena connected Avith the distribu- 
tion of temperature and of animal life AA'hich he 
observed, illustrate Avhile they contrast Avith the 
singularly different conditions Avhieh have been 
already described in the outer ocean. 

The first sounding in the basin of the Mediter- 
ranean Avas taken on the lOth of August, lat. 30° 0' 
N., long. 4° 40' W., at a depth of 580 fathoms, Avith a 
bottom of dark grey mud. Tbe surface temperature 
AA-^as 23°'6C., and the bottom temperature 12°’8 C., 
about three degrees higher than at tbe same depth 
in the ocean outside. A serial sounding Avas taken to 
determine the rate of the diminution of temperature, 
Avith the following curious result : — 
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Thus the temperature fell rapidly for the first 30 
fathoms, more sloAvly for the next 20, from 50 to 100 
lost only 3° C., and before reaching the dejdh of a 
hundred fathoms had obtained its minimum tempera- 
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ture, there being no further diminution to the bottom. 
This serial sounding and all the subsequent tempera- 
ture observations taken during tbe Mediterranean 
cruise showed that the trough of the Mediterranean 
from tlie depth of 100 fatlioms downwards is filled 
with a mass of water at almost exactly the same 
temperature throughout, a temperature a little above 
or below 12°'75 C. 

The following instances have been cited by Dr. 
Carpenter from the earlier observations in the Medi- 
terranean basin, to show the great uniformity of the 
bottom temperature for all depths ; — 
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At this last Station (No. 17) a serial sounding was 
taken, Avhieli entirely confirmed the results of the 
first (ISo. 40) : — 
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— again a mass of water lying at the bottom, 745 
fatlioms — not far from a mile — in (lc 2 )th, at the 
uniform temperature of 12'’’0C. {54‘''7 F.) 

The dredge was sent down at caeh successive 
station, hut with very poor result ; and Dr. Car- 
penter was driven to the conclusion that tlie bottom 
of the Mediterranean at depths beyond a few hundred 
fathoms -is nearly azoic. The conditions arc not 
actually inconsistent with the existence of animal 
life, for at most of the stations some few living forms 
were met with, but they are certainly singularly un- 
favourable. Thus at Station 40, at a depth of 1412 
fathoms, and a temperature of 12" 7 C., the following 
species of mollusca were obtained : Nucula qnodrata, 
n. sp. ; N. jmmila, AnsjouxsEN ; Leda, n. sp. ; Vevti- 
cord'm grmudata^ Seg. ; Mela lenella, Jefeuevs ; 
Tvochns gewmuUduii, P]T. ; llissoo sitfjnoliila, Aiuoas ; 
Natica affinis, GifETUN ; Teophon iimlUlomellosiis, 
Tit.; Nossa jo'/siital/ea, Bn.; Coliivihcdla 
Jeff.; Bucchilmn aci(Ucostatmn,V\\.\ Pleiiroloma 
carinalum, CniSTOroai and Jan ; P. lorqiiataw, Pn. ; 
P. decKssatum, Pn. 

Near the African coast the fauna was more al)uii- 
dant, hut the bottom was so rougli that it was unsafe 
to use the dredge, and the tangles Averc usually sent 
down alone. Many polyzoa, cchinoderms, corals, and 
sponges Avere taken in this Avay, but they AV('re mostly 
well-knoAvn ^lediterranean species. After remaining 
for a feAV days at Tunis and visiting the ruins of 
Carthago, dredging Avas resumed on the Gth of 
September on the ‘ Adventure ’ Bank, so called from 
its having been discoA'cred by Admiral Smyth Avhen 
surA^eying in II.M.S. ‘ Adventure.’ Here, at depths 
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from 30 to 250 fathoms, animal life was tolerably 
abundant. With other mollusca the following were 
found : — Trochm suturalis, Pii. ' (Sicilian fossil) ; 
Xenophora crispa, Konig (Sic. fossil) ; Cylichna 
str 'wlula, Poiihes (Sic. fossil) ; C. omlata, Bjiocciii 
(Sic. fossil); GatUnia excentrica, Tiberi.; Scalaria 
frondosa, J. Sowerby (Sicilian and Coralline Crag 
fossil) ; Pijmmidella plicosa, Bronx (Sic. and Cor. 
Crag fossil) ; Actmon pusillus, Borbes (Sic. fossil). 
The Echinodermata were abundant so far as indi- 
viduals went, but the number of species was small, 
and they were nearly all well-known Mediter- 
ranean forms. Cidaris papiUata, Leske, showing 
many varieties, but dilfcring in no specific character 
from the many forms of the same species Avbicli 
range from North Capo to Cape Spartcl in the 
ocean outside. The Mediterranean varieties of this 
species are certainly Cklmds hijslrix, of Lamarck. 
I feel a degree of uncertainty a1)out the pretty 
little Cidaris, described by Philippi under the name 
of C. ajfinis. Characteristie examples of it, which 
are abundant on the ‘ Adventure ’ Bank and along 
the African coast, look vcj'y distinct. They arc of 
a beautiful deep rose real, the spines are banded 
with red and brownish- velloAv, and come to a fine 
point, while those of C. papillata are usually blunt 
at the point, and frequently even a little expanded 
or cupped ; and the portion of the interarabu- 
lacral plates covered with miliary granules is aa ider, 
and two defined roAvs of body spines nearly of equal 
size lie up against the bases of th6 primary spines, 
over the alveolae. These Avould appear to be cha- 
racters of specific value, but then again there are 

o 
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a mass of intermediate forms ; and although after 
careful consideratio]i I have described the two 
species as distinct, I find it a maiter of great difli- 
culty to draw' tlio line hotween them. Several 
specimens of a handsome Astrogonimn allied to 
A. grannlare w'^cre taken on the ‘ Adventure ’ 
13ank. Professor Duncan rcixuds some interesting 
corals, and Professor Allman two new species of 
AgUtophenia ; and Dr. Carpenter detected once 
more the delicate Orhitoliles Icnnlsshnns, and the 
large nautiloid L'duola, Avitli Avliich he W'as familiar 
in the dredgings inf the Atlantic. 

After a short stay at Malta, on September 20th the 
‘ Porcupine ’ steamed out of \"aletta 1 larbour, and 
steered in a north-easterly direction, towai’ds a point 
scA'^enty miles distant, at Avliieh a depth of 1,700 
fathoms Avas marked on the chart. This Avas reached 
early the next morning, and the line ran out 1,7 13 
fathoms, lat. 30" 31' 30" N., long. 15’ tO' 30" (No. 00), 
Avith a temperature of ]3"’1C., more than half a 
degree liighcr than the temperature of the deepest 
sounding in the Avestern l)asin. The tube of tlie 
sounding apparatus brought up a sample of yelloAV 
clay, so like the bottom at some of the most unpro- 
ductive s2)ots in the Avestern ]\l('ditcrrancan, that 
it Avas not considered advisal)]e to delay the time 
necessary for even a single cast of the dredge, Avhich 
at that dcj)th would have occupied nearly a day. 
Having thus satisfied tlicmselves as far as they 
could by a few ol)servations that the pliysical con- 
ditions of tlic eastern basin of the Mediterranean 
Avere similar to those of the Avestern, they steered for 
the coast of Sicily. Quietly along the Sicilian coast 
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(luring tlie night, in early morning through the 
narrowest part of the Strait between Messina and 
lleggio, past Charybdis and the castled rock of Scylla, 
and so out of the ‘ Faro ’ into the oixm sea to the 
north of Sicily, studded with the Lipari Islands. 
A temperature sounding taken near Stroinboli, hit. 
38° 20' 30" N., long. 15° 32' E., gave a depth of 730 
latlionis, and a bottom temperature of 13°'l C., while 
tlie tcmpi'rature of the surface was 22°-5 (k 

Under the rugged cone of Stroinboli tlie dredgers 
took another set of temperatures, witli tlie result com- 
mon to the whole volcanic neighbourhood of Sicily, 
of a temperature slightly higher than that of the deep 
Avater iti the western basin of the Mi'ditcrranean, a 
phenomenon of Avhich it Avould take long and careful 
obseiwation to determine the cause; and Avliilc doing 
so tliey pondered on the cloud of smoke hanging ovct 
the peak, so suggestive of the theatre of subterranean 
change beneath, and admired the industry and cntc'r- 
prise of those aa'Iio, rendered contemptuous by the 
familiarity of ages, carried tlieir vineyai-ds “all over 
the cone, save on two sides, looking north-Avest and 
south-east, OA'er one or other of Avhich there is a con- 
tinual discharge of dust and ashes.” 

Their course Avas iioav laid straight for Cape de 
(hit, AAdiich they passed on the 27th of September, 
arriving at (libraltar on tbe 2Slh. At (Jihraltar, 
Dr. Carpenter resumed his ohservations and experi- 
ments on the currents of the Strait. These ohser- 
vations were continued until the 2nd of October, 
when it became necessary for Captain Calver to re- 
turn liomcAvards. The coast of Portugal Avas repassed 
in fine weather, the time at their dis])Osal not alloAv- 

o 2 
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ing any urtlioi’ use of the dredge in the deep Avater,^ 
and after encountering a fresh hreeze in the chops ot 
the Channel, on the evening of October Ihe 8th, the 
‘ Porcupine ’ anchored at Cowes. 
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APPENDIX A. 

Extracts from the Minutes of Council (f the lloyal Svcict/f, and 
other Ojjkial IhcAtmcnts refer rliuj to the Cruise of IlJl.S. 
'Porcupine' duriiuj the Siirumcr of 1870: — 

March 24, 1870. 

A Letter AVas read iroiii Dr. Carpenter, addressed to the 
President, sn<^gesting that an E.vjdoratioit ol the Dee]) Sea, such 
as was carried out during 1808 and 1809 in llie regions to the 
North of the British Islands, should now be extended to tlie 
South of Europ(‘, and the iMediterranean, and that the Council 
of the lloyal Society should recommend sucli an undertaking to 
the favourable consideration of the Admiralty, with a view to 
obtain the assistance of Her Majesty’s Government as on tlie 
previous occasions. 

Kesolved, — That a Committee, consisiing of tlie President 
and Otlicers, with the Ilydrographer, Mr. Gwyn Jidlreys, 
Mr. Siemens, Professor Tyndall, and Dr. Carpenter, with 
power to add to their number, be a])pointed, to consider 
the expediency of adopting the proposal of Dr. Carpenter, 
and the plan U) be followed in carrying it out, as well 
as the instruments and other appliances th.at would be 
required, and to report their opinion tlunvon to the 
Council ; but with power previously to communicate to 
the Admiralty a draft of such rej)ort as they may agrc'c 
upon, if it shall appear to them expedient to do so in 
order to save time. 


A'pril 8, isTo. 

Bead the following Jieport : — 

Tlie Committee appointed on the 24th of March to consider 
a proposal for a further Exploration of the Deep Sea during the 
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ensuing summer, as well as the scientific preparations which 
would be required for a new expedition, beg leave to report as 
follows : — 

“ The general course proposed to be followed, and the cliief 
objects expected to be attained in a new expedition, are pointed 
out in tlie following extract from the letter of Dr. Carpenter, 
read to tlie (Council on the 24th ult., whicli was referred to the 
Committee : — 

“ ‘ Tlie plan whicli has been marked out between my colleagues 
in last year s work and myself is as follows : — 

“ ‘ Having reason to hope that the “ Porcupine’' may be spared 
towards the end of June, wm propose that she should start early 
in July, and proceed in a S.W. direction towards the furthest 
point to whicli our survey was carried last year ; carefully 
exploring the bottom in depths of 400 to 800 fathoms, on 
which, as experience has shown us, the most interesting collec- 
tions are to be made ; but also obtaining a few casts of the 
Dredge with Temperature-soundings at greater depths, as oppor- 
tunities may occur. 

‘ The course should then be nearly due South, in a direction 
of general parallelism with the coast of France, Spain, and 
Portugal, keeping generally within the depths just mentioned, 
but occasionally stretching westwards into yet deeper Avaters. 
From what has been already done in about 400 fathoms’ water 
off the coast of Portugal, there is no doubt that the ground is 
there exceedingly rich. When ap])roaching the Straits of 
Gibraltar, the survey, both Physical and Zoological, should be 
carried out with great care and minuteness ; in order that the 
im])ortaiit problem as to the currents between the Mediterranean 
and Atlantic Seas, and the relation of the Mediterranean Fauna 
to that of the Atlantic (on Avhich Mr. Gwyn Jeffreys is of 
opinion that the results of our last year’s work throw an entirely 
new light), may be cleared up. 

“ ' Mr. Gwyn Jeffreys is prepared to undertake the scientific 
charge of this part of the expedition ; and if Professor Wyville 
Thomson should not be able to accompany him, it will not be 
difficult to find him a suitable assistant. 

' The ship would probably reach Gibraltar early in August, 
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and there I should be myself prepared to join her, in place of 
Mr. Jeffreys, with one of my sons as an assistant. We should 
propose first to complete the survey of the Straits of Gibraltar, 
if that should not have been fully accomplished previously; and 
then to proceed eastwards along the Mediterranean, making 
stretches between the coasts of Europe and Africa, so as to carry 
out as complete a survey, Physical and Zoological, of that part 
of the Mediterranean basin as time may permit. Malta would 
probably be our extreme point ; and this we should reckon to 
reach about the middle of September. 

'‘‘It is well known that there are questions of great Geolo- 
gical interest connected with the present distribution of Animal 
life in this area ; and we have great rijason to believe that we 
shall here find at considerable depths a large number of Tertiary 
species which have been supposed to be extinct. And in regard 
to the Physics of the Mediterranean, it appears, from all that 
we have been able to learn, that very little is certainly known. 
The Temperature and Density of the water, at different depths, 
in a basin so remarkably cut off from the great ocean, and 
having a continual influx from it, form a most interesting sub- 
ject of inquiry, to which we shall be glad to give our best 
attention, if the means are placed within our reach.’ 

Considering the success of the two previous Expeditions, and 
especially that of tlie ‘Porcupine’ last year, the Committee are 
persuaded tliat no less important acquisitions for the furtherance 
of scientific knowledge would be gained by the renewed explora- 
tion as now proposed ; and they accordingly recommend that a 
representation to that effect be made to the Admiralty, with a 
view to obtain the aid of Her Majesty’s Government as on the 
previous occasions. 

‘‘ The Committee approve of a proposal made by JVIr. Gwyn 
Jeffreys to accept the services of Mi\ Lindahl, of Lund, in tlie 
expedition as unpaid Assistant Naturalist. 

“As regards scientific instruments, the Committee have to 
report that those employed in last year’s voyage will be 
again available for use ; and Mr. Siemens hopes to render 
his electro-thermal indicator of more easy employment on 
sliip-board. 
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“ The Committee, having learned that Dr. Franklaiid has con- 
trived an apparatus for bringing up the deep-sea water charged 
with its gaseous contents, have resolved to add his name to 
tlieir number ; and they request leave to meet again in order 
to complete tlie arrangements and make a final report to the 
Counei].” 

Itesolved, — That the Deport now read be received and adopted, 
and that the Committee be requested to continue their 
meetings and report again on the arrangements when finally 
decided on. 

Eesolved, — That the following draft of a Letter to be 
addressed to the Secretary of the Admiralty be approved, 
viz. : — t. 

“ Sir, — I am directed by the President and Council of the 
Poyal Society to ae<piaint you, for tlie information of the 

'I’ds Commissioners of the Admiralty, that, considering the 
important scientific results of the Physical and Zoological 
Exploration of the Deep Sea carried on in 18G8 and 18()9 
tlirough the aid of Her Majesty’s Government, they deem it 
highly desirable tliat the investigation sliould be renewed during 
the ensuing summer, and extended over a new area. 

“ The course which it would be proposed to follow in a new 
Expedition, the 2 )rincipal objects to be attained, and the general 
plan of o])erations, are sketched out in the enclosed extract from 
a Letter addressed to the President by Dr. Carpenter, and have 
in all points been approved by the Council. 

“ Tlie President and Council would therefore earnestly recom- 
mend such an undertaking to the fiivourable consideration 
of jMy Lords, with the view of obtaining the assistance of 
Her Majesty's Government so liberally accorded and effectively 
rendered on the previous occasions. 

The scientific conduct of the Expedition would, as in the 
last year, be shared by Dr. Carpenter, Professor Wy ville Thomson, 
provided that gentleman is able to undertake the duty, and Mr. 
Gwyn Jeffreys. It is also proposed that Mr. Lindahl, a young 
Swedish gentleman accustomed to marine researches, should 
accompany the expedition as Assistant Naturalist. 



CHAP. IV.] THE CRUISES OF THE ^FORCUFINE* 


201 


I have to add that whatever appertains to the strictly 
Scientific equipment of the Expedition will, as formerly, he at 
the charge of the Eoyal Society. 

W. SiiAiiPEY, Secretary!' 

A sum of £100 from the (Jovernment Grant was assigned 
for the Scientitic purposes of the Expedition. 

May 19, 1870. 

Head the following Letter from the Admiralty : — 

“ Admikalty, 10//i May, 1870. 

“ SiK, — Having laid before My Lorcas Commissioners of the 
Admiralty your letter of the 2nd inst, requesting that further 
researches may be made of the deep sea, I am commanded by 
their Lordships to acquaint you that they will spare Her 
Majesty’s Steam- vessel 'Porcupine’ for this service, and that 
the Treasury has been requested, as on the former occasion, to 
defray the expense of the messing of the scientific gentlemen 
composing the Expedition. 

“ I am. Sir, 

" Your obedient Servant, 

" Vekxon Lushington.” 

“ To W. SJiarjKy, Esq., M.D., 

* ‘ Secretary of the Royal Society, Burlington Home'" 
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APPENDIX B. 


Particulars of Depths, Temperature, and Position at the various 
Predging-stations of H.M.S. 'Porcupine,’ in the Summer 
of 1870 :— 


NumT)er 
of {Station. 

Depth in 
Fathoms. 

• 

Bottom 

Temperature. 

Surface 

Temperature. 


Position. 


. 1 

567 





48” 

38' K 

10” 

15' W. 

2 

305 

140. 

8 0. 

16“- 

2 C. 

48 

37 

10 

9 

3 

690 

— 


— 


48 

31 

10 

3 

4 

717 

7- 

5 

16 • 

3 

48 

32 

9 

59 

5 

100 

10 • 

7 

16 • 

8 

48 

29 

9 

45 

6 

358 

10 • 

0 

16 • 

9 

48 

26 

9 

44 

7 

93 

10 • 

6 

16 • 

2 

48 

18 

9 

11 

8 

257 

9 • 

9 

15 • 

9 

48 

13 

9 

11 

9 

539 

8 • 

9 

17- 

8 

48 

6 

9 

18 

10 

81 

11 • 

9 

16 • 

4 

42 

44 

9 

23 

11 

332 

10 • 

2 

16 • 

1 

42 

32 

9 

24 

12 

128 

11 • 

3 

16 • 

3 

42 

20 

9 

17 

13 

220 

11 • 

0 

18 • 

1 

40 

16 

9 

37 ' 

14 

469 

10 • 

8 

18 • 

4 

40 

6 

9 

44 : 

15 

722 

I 9 • 

8 

20 • 

0 

40 

2 

9 

49 

16 

994 

4- 

5 

21 • 

0 

! 39 

55 

9 

56 

17 

1095 

4- 

3 

19 • 

8 

39 

42 

9 

43 

18 

1065 

4 • 

5 

18 • 

2 

39 

29 

9 

44 

19 

248 

11 • 

0 

18 • 

1 

39 

27 

9 

39 

20 

965 

— 


— 


39 

25 

9 

45 

21 

620 

10 • 

2 

19 • 

5 

38 

19 

9 

30 

22 

718 

10- 

7 

19- 

1 

38 

15 

9 

33 

23 

802 

9 • 

0 

19 • 

0 ] 

37 

20 

9 

30 

24 

292 

11 • 

5 

19 • 

6 

1 

37 

19 

9 

13 
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Number 
of station. 

Dqpth ill , 
Fathoms. 

Bottom 

Temperature. 

Surface 

Temperature. 


Positiou. 


1 

25 

374 

ir 

9C. 

20° 

9C. 

37“ 

11' K 

9“ 

7'W. 

26 

364 

11 

5 

22 

0 

36 

44 

8 

8 

27 

322 

10 

6 

22 

7 

36 

37 

7 

33 

28 

304 

11 

7 

21 

8 

36 

29 

7 

16 

28a 

286 

— 


— 

- 

36 

27 

6 

54 

29 

227 

12 

9 

22 

8 

36 

20 

6 

47 

30 

386 

11 

7 

22 

6 

36 

15 

6 

52 

31 

477 

10 

3 

21 

7 

35 

56 

7 

6 

32 

651 

10 

1 

21 

8 

35 

41 

7 

8 

33 

554 

10 

0 

22 

4 

35 

32 

6 

54 

34 

414 

10 

1 

21 

8 

, 35 

44 

6 

53 

35 

335 

10 

9 

23 

2 

35 

39 

6 

38 

36 

128 

12 

9 

23 

8 

35 

35 

6 

26 

37 

190 

11 

8 

22 

0 

35 

50 

6 

0 

38 

503 

11 

8 

22 

0 

35 

58 

5 

26 

39 

517 

13- 

3 

21 

0 

35 

59 

5 

27 

40 

586 

13 

4 

23 

6 

36 

0 

4 40 

41 

730 

13 

4 

23 

G 

35 

57 

4 

12 

42 

790 

13 

2 

23 

2 

35 

45 

3 

57 

43 

162 

13 

4 

23 

8 

1 35 

24 

3 

54 

44 

455 

13 

0 

21 

0 

35 

42 

3 

0 

45 

207 

12 

4 

22 

6 

35 

36 

2 

29 

46 

493 

13 

0 

23 

0 

35 

39 

1 

56 . 

47 

845 

12 

6 

21 

0 

37 

25 

1 

10 

48 

1328 

12 

8 

23 

0 

37 

10 

0 

31 

49 

1412 

12 

7 

22 

0 

36 

29 

0 

31 

; 50 

51 

— 


— 

- 

36 

14 

0 

17 E. ' 

' 50« 

152 

— 


— 

- 

1 36 

18 

0 

24 

51 

1415 

12 

7 

24 

• 0 

1 36 

55 

1 

10 ! 

52 

660 

— 

- 

- 

- 

36 

38 

1 

38 i 

52a 

590 

— 

- 

- 

- 

36 

36 

1 

38 1 

53 

112 

13 

• 0 

25 

• 0 

36 

53 

5 

55 

54 

1508 

13 

• 0 

24 

•4 

37 

41 

6 

27 

55 

1456 

12 

• 8 

24 

• 8 

37 

29 

6 

31 

56 

390 

13 

•6 

25 

• 6 

37 

3 

11 

37 

57 

224 

— 

_ 

- 

- 

37 

6 

13 

10 

58 

266 

13 

•6 

24 

•1 

36 

43 

13 

36 

59 

445 

13 

•6 

24 

■ 6 

36 

32 

14 

12 

60 

1743 

13 

•4 

23 

•3 

36 

31 

15 46 
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Number 
of Station. 

Depth in 
Fathoms. 

Bottom 

Temperature. 

Surfar.c 

Temperature. 

Position. 

61 

392 

13»- 1 C. 

22‘’- 5 C. 

38° 26' K 

15° 32' E. 

62 

730 

13 • 0 

22 • 5 

38 38 

15 21 

63 

181 

12-4 

: 20-2 

36 1 

5 26 W. 

1 64 

460 

12 • 4 

18-8 

35 58 

5 28 

65 

198 

12 • 1 

17-3 

35 50 

5 57 

66 • 

147 


! — 

35 66 

5 57 

67 i 

188 

12 • 8 

■ 22-9 

35 49 

6 21 



CHAPTER V. 


DEEP-SEA SOTTNDING. 


The ordinary Sounding-lead for moderate Depths. — Liable lo Error 
when employed in Deep Water. — Early Deep Soundings un- 
reliable. — Improved Methods of Sounding. — The Cup-lead. — 
Brooke’s Sounding Instrument. — The ‘Bulldog’; Fitzgerald’s; 
the ‘ Hydra.’ — Sounding from the ‘ Porcupine.’ — The Contour 
of the Bed of the North Atlantic. 


In all deep-sea investigations it is of course of the 
first importance to have a means of determining the 
depth to the last degree of accuracy, and this is not 
so easy a matter as might he at - first supposed. 
Depth is almost invariably ascertained by sOme 
modification of the process of sounding. A weight 
is attached to the end of a line graduated by attached 
slips of different coloured buntino (the woollen mate- 
rial of which flags are made, in which the colours are 
particularly bright and fast) into fathoms, tens of 
fathoms, and hundreds of fathoms ; or, for deep-sea 
work, with white buntine at every 50, black leather 
at every 100, and red buntine at every 1,000 fathoms. 
The weight is run down as rapidly as possible, and 
the number of fathoms out when the lead touches 
the bottom gives a more or less close approximation 
to the depth. 
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The ordinary deep-sea lead is a prismatic leaden 
block about two feet in length and 80 to 120 lbs. in 
weight, narrowing somewhat towards the upper end, 
where it is furnished with a stout iron ring. Before 
heaving, the lead is ‘ armed,’ that is to say the lower 
end, which is slightly cupped, is covered with a thick 
coating of soft tallow. If the lead reach the bottom 
it brings up evidence of its having done so in a 
sample sticking to the tallow. Usually there is 
enough to indicate roughly the nature of the ground, 
and it is on the evidence of samples thus brought 
up on the ‘ arming ’* of the lead that our charts note 
‘ mud,’ ‘ shells,’ ‘ gravel,’ ‘ ooze,’ or ‘ sand,’ or a com- 
bination of these, as the kind of bottom at the 
particular sounding ; thus we have mud, shells, 
and sand at 2,000 fathoms ; , ooze and stones at 

2,060 fathoms; mud, sand, shells, and scoriae 

at 2,200 fathoms, and so on. 

When no bottom is found, that is to say, when 
there is no arrest to the running out of the line and 
nothing on the ‘ arming ’ of the lead, the sounding 
is entered on the chart thus, s^ou, no bottom at 3,200 
fathoms. Such soundings are not to be depended 
upon in deep water, but they are usually quite 
reliable for moderate depths, so far as they go. They 
give us no help in the exploration of the bottom of 
the sea, but they are of great practical value, and 
indeed they give all the information w'hich is directly 
required for the purposes of navigation ; for if there 
be ‘ no bottom ’ at 200 fathoms, there is probably no 
dangerous shoal in the immediate neighbourhood. 

Soundings are usually taken from the vessel, and 
while there is some way on. Where great accuracy 
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is required, as in coast-surveying, it is necessary to 
sound from a boat, which can be kept in position by 
the oars and reference to some fixed objects on shore. 

This ordinary system of sounding answers perfectly 
well for comparatively shallow water, but it breaks 
down for depths much over 1,000 fathoms. The 
weight is not sufficient to carry the line rapidly and 
vertically to the bottom ; and if a heavier weight be 
used, ordinary sounding line is unable to draw up its 
own weight along with that of the lead from great 
depths, and gives way. No impulse is felt when the 
lead reaches the bottom, and the line goes on running 
out, and if any attempt be made to stop it it breaks. 
In some cases bights of the line seem to be carried 
along by submarine currents, and in others it is 
found that the line has been running out by its own 
weight only, and coiling itself in a tangled mass 
directly over the lead. All these sources of error 
vitiate very deep soundings. In many of the older 
observations made by officers of our own navy and 
of that of the United States, the depth returned 
for many points in the Atlantic we now know to 
have been greatly exaggerated ; thus Lieutenant 
Walsh, of the U.S. schooner ‘ Taney,’ reported a 
cast with the deep-sea lead at 34,000 feet without 
bottom;^ Lieutenant Berryman, of the U.S. brig 
‘ Dolphin,’ attempted unsuccessfully to sound mid- 
ocean with a line 39,000 feet long;^ Captain 
Denham, of H.M.S. ‘Herald,’ reported bottom in the 

• * Maury’s Sailing Directions, 5th edition, p. 165, and 6th edition 
(1854), p. 213. 

* Maury, Physical Geography of the Sea. Eleventh Edition, 
p. 309. 
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South Atlantic at a depth of 46,000 feet;’ and 
Lieutenant Parker, of the U.S. frigate ‘ Congress,’ ran 
out a line 50,000 feet without reaching the bottom/ 
In these cases, however, the chances of error were 
too numerous; and in the last chart of the North 
Atlantic, published on the authority of Rear-Admiral 
Richards in Nov. 1870, no soundings are entered 
beyond 4,000 fathoms, and very few beyond 3,000. 

A great improvement in deep-sea sounding, first 
introduced in the United States navy, was the use 
of a heavy weight and a fine line. The weight, a 
32 or 68 lb. shot, ia rapidly run down from a boat ; 
and when it is supposed to have reached the bottom, , 
which is usually indicated Avith tolerable certainty by 
a sudden change in the rate of running out of the 
line, the line is cut at the surface, and the depth 
calculated by the length of line left on the reel. 

As the great problems of physical geography, the 
strength and direction of currents, and the general 
conditions of the bottom of the sea began to acquire 
more general interest, the jparticles brought up on the 
‘ arming ’ of the lead from great depths were eagerly 
sought for and scrutinized ; it thus became important 
that a greater quantity should be procured, enough 
at all events for the purposes of chemical and micro- 
scopical examination. Many instruments have been 
contrived from time to time for this purpose, and a 
vast amount of information has been gained by their 
use. It has now been shown that dredging on a large 
scale is possible at all depths, but dredging can only 
be performed under specially favourable circum- 
stances, and requires a vessel specially fitted at con- 
' Loc. cit. ^ Lop. cit. 
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siderable expense. We must still, therefore, depend 
mainly upon some form of sounding apparatus for 
the gradual accumulation of observations which will 
give us in time a consistent idea of the nature of 
the bottom of the sea throughout. A simple instru- 
ment which will bring up a surface sample of a 
pound or so, from a depth of 2,000 fathoms, with- 
out much trouble and with some certainty, is still a 
desideratum. 

In the year 1818, Sir John Eoss, in command of 

H. M.S. ‘ Isabella,’ on a voyage of discovery for the 
purpose of exploring Baffin’s Bay*, invented a machine 
“ for taking up soundings from the bottom of any 
fathomable depth,” which he called a ‘ deep-sea 
claram.’ A large pair of forceps were kept asunder 
by a bolt, and the instrument was so contrived that 
on the bolt striking the ground a heavy iron weight 
slipped down a spindle and closed the forceps, which 
retained within them a considerable quantity of the 
bottom, whether sand, mud, or small stones. ‘ On 
the 1st of September, 1818, Sir John Boss sounded in 

I, 000 fathoms, lat. 73° 37' N., long. 75° 25' W. The 
soundings consisted of “ soft mud, in which there 
were woi*ms, and, entangled on the sounding-line, at 
the depth of 800 fathoms, was found a beautiful Caput 
MeduscB.” On the Gth of September Sir John Boss 
sounded in 1,050 fathoms, lat. 72° 23' N., long. 
73° 075' W., and the clamms brought up G lbs. of very 

^ A Voyage of Discovery made under the Orders of the Admiralty 
in His Majesty’s Ships ‘ Isabella ’ and ‘ Alexander,’ for the purpose of 
exploring Baffin’s Bay, and inquiring into the Possibility of a North- 
west Passage. By John Boss, K.IS. Captain Koyal Navy. London : 
1819 ; p. 178 . 

1\ 
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soft mud. I mention these soundings thus particu- 
larly because they are the first authentic instances 
of any quantity of the bottom having been brought 
up from such depths. The clamms were used with 
strong wliale line, made of the best hemp, 2^ inches 
in circumference. The weight recommended by Sir 
John Ross for the sounding in the North 
Sea is fifty pounds. 

One of the earliest and certainly not the 
worst of these miniature dredges is a simple 
modification of the common deep-sea lead, 
the ‘cup-lead’ (Fig. 37). A rod of iron 
passes through the lead, and ends a few 
inches beneath it in a conical iron cup. 
A thick hend-lcather washer slides freely 
on the rod hetween the end of the lead and 
tlie cup. The theqry of this instrument is, 
that as the lead runs doAvn, the current of 
water keeps up the washer, leaving the 
mouth of tlie cup free. On reaching the 
ground, the weight of the lead drives the 
cup into tlie mud or sand, and the lead falls 
to one side. When the lead is hauled up, 
a sample of the bottom goes into the cup, 
and is retained there by the washer, whicli 
is pressed down upon the top of the cup 
during its upward .iourney by the reversal 
of the current. The ‘ cup-lead ’ is very 
useful for moderate depths. Twice out of three 
times it brings up a sample, but the cup is too open 
and the means of closing it are too crude, and the 
third time everything is washed out and the cup 
comes up perfectly clean. Deep soundings take too 
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much time and are too valuable to admit so large 
an average of losses. 



Fio. Brooke’s Dec])-Sea Sounding Apparatus. 

About the year 1854, J. M. Brooke, passed-mid- 
shipman in the U.S. navy, a clever young officer who 

p 2 
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was at the time doing duty in the Observatory, pro- 
posed to Captain Maury a contrivance by which the 
shot might be detached as soon as it reached the 
bottom, and specimens brought up in its stead. The 
result of this suggestion was 13rookc’s deep-sea sound- 
ing apparatus (k’igs. 38 and 39), of which all the more 
recent contrivances liave been to a great extent modi- 
fications and improvements, retaining its fundamental 
principle, the detaching of the weight. The instru- 
ment as devised by Mr. Brooke is very simj)lc. A 
04 lb. shot E is cast Avith a hole through it. An 
iron rod a has a clramber n at the lower end, and 
two movcahlo arras hinged to tlie upper end Avith 
eyes to fasten two cords by Avhieh the rod is sus- 
pended ; so that Avhen the instrument is hanging free 
the arms are nearly vertical (Fig. 38). Each arm 
bears a projecting notched tooth, and before sounding 
the sliot is suspended, Avith the rod passing through 
it, in a canvas or leather sling c attached by cords 
Avhose loops pass over the teeth. The cup at the 
loAver end of the rod is filled with tallow ‘ arming,’ in 
Avhich a chamber lias been made by pushing in a 
wooden plug. When the instrument strikes, the end 
of the rod is driven into the material of the bottom, 
Avhich fills the chamber in the arming, the two jointed 
arms fall down, the loops of the sling are relieved 
from the teeth, and the rod slips through the hole in 
the shot and comes up alone Avith its enclosed sample 
of sediment. 

In this simplest and earliest form Brooke’s sound- 
ing apparatus had some of the defects of the cup-lead. 
The sample of the liottom Avas too small, and ran 'a 
risk of being waslicd out in hauling up. Modjfica- 
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H.M.S. ‘Cyclops ’ in 1857.’ ITc used iron Avire braces 
to support tlie siukt'r, as tbese dctacli more freely 
than slings of rope ; lie replaced Erooke’s round-shot 
by a leaden cylinder to diminish the resistance and 
thus increase the v('locity in descending ; and lie 
adapted a A^alvc ojicning iiiAA'ards, to the terminal 
chamber in the rod, to prevent the Avashing out of 
tlic sample. Commander Dayman seems to liaA'o 
found the ap])aratns thus im])roved to ansAver aa^cII. 
Tie used it throughout liis important survey of tlie 
‘telegraph plateau.’ 

The ‘Bull-dog’ sounding machine (Big. 10) is nmv 
probably the most generally knoAVU of (hose dredging- 
leads. 'J'his instrument is an adaptation of Sir John 
Boss’ deep-sea clamras, with the addition of Brooke’s 
principle of the disengaging wiMght. It was invented 
during the famous sounding \ oyage of ll.lM.S. ‘ Bull- 
dog ’ in the year ISfiO, and Sir Leopold j\t‘Clintock 
gh'es the chief credit of its inventiou to the assistant- 
engineer on boai'd, ]\lr. Steil." A pair of scoops a 
close upon one auotluT sci.ssorwis(' on a hinge, and liavc 
tAVO pairs of appendages u, Avhich stand to the open- 
ing and closing of the scoops in the relation of scissor 
handles. This apjiaratus is permanently attached to 
the sounding-line by the rope r, Avhich in the figure 
is represented hanging loose, and Avhich is fixed to 

^ Deep-Sea Soiuirliiigs in ilie Nortli Atlantic Oce«aTi, between 
Ireland and Newfoundland, made in ' Cyclops,’ Lieut.-Com- 

mander Joseph Dayman, in .Juno and July, 1^57. Published by 
order of the Lords Commissioners of the Admiralty. London : 1858. 

^ Kemarks illustrative of the Sounding Voyage of II.M.S. Mhdl- 
dog’ in 18G0 ; Captain Sir Leopold !M’Clintoclc commanding. Pub- 
lished by order of the Lords Ckmniiissioners of the Admiralty. 
London: 1861. 
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tile spindle on Avliich tlie cups turn. Attached to 
the same spindle is the rojie o, which ends above in 
an iron riii" E represents a pair of tumbler hooks, 
fasten(!d lik(!\vis(! to tlie end of the sounding-line ; 
c a heavy leaden or iron weight, with a hole through 
it Avide enough to allow the rope n with its loop and 
ring to pass freely ; and n, a strong india-rubber band 
M hich passes round the bandies of the scoops. In the 
figure the instrument is rejiresented as it is sent 
down and before it reaches the bottom. The weight 
c and the scoops a are now suspended by the rope d, 
whose ring is caught by the tumbler hooks e. The 
elastic ring n is in a state of tension, ready to draAv 
together the scoop handles and close the scoops, but 
it is antagonized by the weight c, which, pressing 
doAvn into a space between the handles, keeps them 
asunder. The moment the scoops are driven into the 
ground by the weiglit, the tension on the rope i) is 
relaxed, the tumblers fall and release the ring, and 
the Aveight falls and alloAi's the elastic band to close 
the scoojis and to keep them closed upon Avhatever 
they may contain ; the rojie n slips through the 
Aveight, and the closed scoops are draAAUi up by the 
rope E. This is a jirctty idea, and an ingenious and 
elegant apparatus, but it is rather complicated. I 
have never seen it in use, hut I should fear that the 
observer might often be tlnvarted by the scoops fall- 
ing in a AAU'ong direction, or by pebbles getting into 
tbe hinges and preventing their closing thoroughly. 
The simpler all these things arc the better. 

We used in our trip in the ‘ Lightning ’ in 1808 an 
instrument (Fig. 41) which at first sight scarcely 
looks promising from its ajiparcut want of compact- 
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ness, but I will say this for the 
‘ Ihlzi^evald ’ sounding apparatus 
that I never knew it fail ; and 
wc were obliged, unfortunately 
for ourselves, to try it fre- 
quently in very bad weather 
and under most unfavourable 
cireumstanees. Tlic sounding- 
liixe ends in a loop passing 
through an eye in the eentre of 
a bar of iron p. The bar ter- 
minates at one end in a claw 
and at the other in a second 
('ve, to which a ehain is at- 
tached. A scoop A, with a 
sharp, spade-like lip, is fixed to 
a long and rather heavy iron 
rod D, with an expanded rudder- 
si iai)ed end to steady it in pass- 
ing quickly through the water, 
and beneath this an eye, which 
(its the claw of the bar p. A 
door B fits tlic scoop to which 
it is hinged, and it is also 
hinged to the arm c, which, 
nlion held in a vertical posi- 
tion, keeps it open. The arm c 
is attached by the chain to the 
eye in the bar p, and the arm 
and chain correspond in length 
to the rod n. Two teeth p k 
project from n, and on those 
are hung a heavy Aveight. Tlie 



Fig. 41. -The ‘ Fit/geraM ’ Soiiinliiig 
3I.‘i('hiJie. 
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Fk;. V’J.— TIk; ' Hydi.i ’ 


apparatus is so adjusted, that when 
the weight is attached and the instru- 
ment hanging ready for use, as repre- 
sented in the figure, the rod F main- 
tains a horizontal position. Wlicn the 
instrument strik(!s tlie ground, tlie 
tension on the l)ar F is I’elieved, the 
Aveight draws the rod d off the claw 
and slips off, at the same time filling 
the scoop. When hauling up, all the 
instrument falls into a nearly vertical 
lin(^,*and the scoop comes up full in 
the middle, the weight of D keeping 
its mouth closed up against its lid. 

The apparatus used during the 
cruise of the ‘ Porcupine,’ ivhere 
sounding was carried on to the ut- 
most ai tain able accuracy and at great 
depths, Avas a somcAvhat elaborate 
modification of Brooke’s sounding 
niaehine wbicb had been previously 
employed by Captain Sliortland in 
tbe voyage of ll.il.S. ‘ Hydra,’ sound- 
ing across the Arabian Calf, prepara- 
tory to laying the Indian Cable. 

This special modification, Avhich cci’- 
tainly ansAvered remarkably well, a})- 
pcars to have lieen due entirely to 
Mr. Gibbs, the blacksmith on board 
tbe A’cssel.' We christened it the 

^ Sounding Voyage of ir.i\r.S. ^ Hydra/ Captain 
P. F. Sliortland, 1808. Publislied by order of the 
Lordn Commiss. of the Admiralty. Fondon: 1805>. 
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‘ lEydi'a,’ ia rccognition of its invontor and of 
vf!ss(d in wliicli it was first used. 

The axis of the ‘ Hydra ’ (Tig. 12) is a strong brass 
tube, which unscrews into four chambers. The thrci; 
lowest of these arc closed above by conical valves 
ojicning upwards but not fitting al)solutcly tightly, so 
as to allow a little water to pass; and the lowest 
ebamber n is closed by a butterlly valve also opening 
upwards. The upper (fourth) chamber a contains 
a piston, and the piston-rod c is continued upwards 
into a rod which ends in the ring to which tin' 
soiinding-line is attaclicd. Tin; ^lppcr cliamber in 
which the piston works has a large hole on either 
sidii about the middle of its length, and a small bob' 
passes through the piston itself. Projecting from (he 
upper ])art of the rod there is a notched tooth n, and 
over the tooth passes an arched steel spring, Avith 
a slit Avhicli allows the tootli to pass through its 
centre, and its two ends fastened moveahly to the 
rod. AYhen the spring is forcibly puslnal hack, it 
allows the tooth with its notcli to protrude through 
till! central slit. 'Ihe weight consists of three or four 
cylinders of iron v, (ootlual and notched so as to tit 
into one another and make one mass. The AVi'ight 
used in the 'Poreujiinc’ Avas from two to three 
hundredweight, according to the d(‘])th. The weight 
is suspended by an iron Avirc sling Avhich ])asscs over 
tlic notched tooth, the spring having been pressed 
hack. The Aveiglit is amply sutlicient to retain tlie 
spring in that position. 

The lignre represents the instrument jineparcd' to 
let go, the Avliolc Avcight suspended from the ring at 
the top of the piston-rod, Avhich is thus fully draAvn 
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out of its cylinder. As the instrument runs down the 
water passes freely through the tube and valves, and 
pours out by the holes in the wall of the cylinder. 
"When it touches the ground the piston is pulled 
doAvn by the weight, but its progress is somewhat 
arrested by the wmter in the lower part of tlie 
cylinder, Avhich can only escape sloAvly, thus giving 
the weight time to force the terminal chamber with 
the butterfly valves into tlic ground. The weights 
then rest upon the bottom and relieve the spring 
wdiich throAvs the sling off tlie tootli. The tube 
comes up free with 'all the valves closed, and the last 
chamber filled with the substance of the bottom, and 
the other chamber with bottom water. 

In the skilful hands of Captain Calvor the ‘ Hydra’ 
never once failed, and from the great Aveight used it 
is admirably suited for accurate soundings in deep 
Avator ; but it is somewhat complicated, and it brings 
up very small samples of the bottom. In the case of 
the cruise of the ‘ Porcupine,’ wliere the large dredge 
was sent doAvn at almost every sounding-station, this 
was of little consequence ; but wdierc dredging is im- 
practicable, and all information as to tlie condition of 
the bottom must bo got from soundings, some simple 
adaptation of the ‘ Bull-dog’ scoops or the Pitzgerald 
apparatus would certainly have a great advantage. 

During the cruise of the ‘ Porcupine’ in 1809 
soundings were taken with the utmost care at ninety 
stations, and in 1870 at sixty-seven stations, and on 
every occasion the operation Avas conducted by Capt. 
Calver himself, whose great experience on the sur- 
veying service was in itself a guarantee of the greatest 
possible accuracy. Captain Calver told me that on 
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every occasion, even at the greatest depths, he felt 
distinetly the shock of the arrest of the weight upon 
the bottom communicated to his hand. A careful 
sounding was always taken immediately before letting 
go tlie dredge. I will take as an example the sound- 
ing which determined tlie deptli of the deepest haul 
of the dredge yet made, in 2,435 fathoms in the Bay 
of Biscay on the 22nd of July, 18G9, and describe 
the modus operandi. 

The ‘Porcupine’ was provided at Woolwich Avith 
an admirable double cylinder donkey-engine of 12- 
horse power (nominal), placed on the dock amidships, 
Avith a couple of surging drums. This little engine 
Avas the comfort of our lives ; nothing could exceed 
the steadiness of its working and tiic ease AAuth Avhich 
its speed could he regulated. During the Avhole cx- 
t)cdition it brought in Avith the ordinary drum, the 
line, Avhether sounding-line or dredge-rope, with 
almost any weight, at a uniform rate of a foot per 
second. Once or twice it was OA'cr-strained, and tlicn 
we pitied the Avilliug little thing panting like an over- 
taxed horse ; and sometimes Ave put on a small drum 
for very hard Avork, gaining thereby additional power 
at some exi)ense of speed. 

Tavo poAverful derricks Avere rigged for sounding 
and dredging operations, one OA^er the stern and one 
over the port boAV. The bow derrick Avas the stronger, 
and Av^c Usually found it the more convenient to 
dredge from. Sounding Avas most frequently carried 
on from the stern. Botli derricks Avcrc provided with 
accumulators, accessory pieces of apparatus Avliich 
ua; found of gi’cat value. The block through which 
the sounding-line or dredging rope passed Avas not 
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attaclied directly to the dorid(!k, hut to a rope Avhicli 
passed tlirough an eye at tlio end of tlio spav, and 
Avas fixed to a ‘ bitt ’ on the deck. On a bight of 
this ropi" botwcicn the block and the ‘ bitt ’ the accu- 
mulator AA^as lashed. This consists of thirty or forty 
or more of Hodge’s vulcanized india-rubber springs 
fasfimed together at the two extremities, and kept 
free from one another by being passed through 
holes in tAVO round wooden ends like the heads of 
elmrn-staves. The looj) of the rope is made long 
(Miough to permit the accumulator to stretch to double 
or treble its length, Init it is arrested far within its 
breaking point. The accumulator is valuable in the 
first place as indicating roughly the amount of strain 
U])on the line; and in order that it may do so Avith 
some degree of accuracy it is so arranged as to play 
along the derrick, a\ hieh is graduatc'd from trial to 
the number of cwts. of strain indicated by the greater 
or less cxtimsion of the, accumulator ; but its more 
imjAortant function is to take olf the suddenness of 
the strain on the line Avhen the vessel is pitching. 
The friction of one or tAVO miles of cord in the Avater 
is so great as to prevent its yielding freely to a sudden 
jerk such as that given to the attaclual end when tins 
vessel rises to a sea, and the line is apt to snap. A 
letting-go frame liki^ that usial on board the ‘ Hydra,’ 
a board with a slit through Avhich the free end of the 
sounding machine passed, and Avhicli supported the 
Aveiglits while the instrument Avas being ])rc])ared, Avas 
fitted under the stern derrick. The sounding instru- 
jiient Avas the ‘ Hydra,’ Aveighted Avith 153(5 lbs. The 
sounding-line Avas wound amidships just abaft tlie 
donkiiy-enginc on a large strong reel, its revolution 
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fommandcd by a bvakc. The reel held about 4,000 
fatlioms of medium No. 2 line of the best Italian 
hem]), the No. of threads 18, the weight per 100 
lathoms 12 lbs. 8 ozs., the circumference 0 8 inch, and 
the hreaking strain, dry, 1,402 lbs., soaked a day 
1,211 lbs., marked for 50, 100, and 1,000 fathoms. 

The weather was remarkably clear and fine ; the 
wind from tin; north-west, force = i ; the sea mode- 
rate, with a slight swell from the north-AvesI:. ‘Vlh; 
were in lat. 47" 38' N., long. 12" 08' IV., at the 
mouth of the Hay of Hiscay, about 200 miles to the 
west of Ushant. The .sounding in|;trument, Avith tAvo 
M iller-Casclhi therinoinetcrs and a AA’atcr bottle 
attached a fathom or tAvo aboA'C it, Avas cast otf the 
letting-go frame at 2h. 4 tin. 20s. p.m. The line Avas 
run otf by baud from the reel and given to the 
weight as fast as it Avould take it, so that there might 
not be the slightest check or strain. The folloAving 
lable gives the absolute rate of descent : — 
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In this case the timing was only valuable as cor- 
roborating other evidence of the accuracy of the; 
sounding, for even at this great depth, nearly three 
miles, the shock of the arrest of the weight at the 
bottom was distinctly perceptible to the commander, 
wlio passed the line through liis hand during the 
descent. This was probably the deepest sounding 
which had been taken up to that time which was 
])crfcctly reliable. It was taken under unusually 
favourable conditions of wcatlicr, with the most 
])crfcct appliances, and with consummate skill. The 
whole time occupied in descent was 33 minutes 
35 seconds; and in heaving up, 2 hours 2 minutes. 
The cylinder of the sounding apparatus came up 
filled witli fine grey Atlantic ooze, containing a con- 
siderable proportion of fresh shells of GlohUjerina. 
The two Millcr-Oasella thermometers registered a 
minimum temperature of 2° '5 C. 

Various attempts have been made to devise an 
instrument which should determine accurately the 
amount of vertical descent of the lead by self-regis- 
tering machinery. The most successful apparatus for 
this purpose, and the one most in use, is ‘ Massey’s 
sounding-machine.’ This instrument, in its latest and 
most improved form, to ho used with the common 
lead, is shown in Fig. 43. Two thimbles F F pass 
through the two ends of the heavy oval brass shield 
A A ; to the upper of these the sounding-line is 
attached, and to the lower the weight at about half 
a fathom from the machine. A set of four brass 
vanes or wings n arc soldered obliquely to an axis 
in such a position that as the machine descends the 
axis revolves by the pressure of the water against 
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the vanes. The revolving axis communicates its 
motion to the indices on the dial-plate c, which are 
so adjusted that the index on the I'ight-hand dial 
passes through a division for every fathom of 


f 



p 

FlU. A'i . — ‘ Ma.ssey’s ’ Sounding Machine. 


vertical descent, whether quick or slow, and makes 
an entire revolution for 15 fathoms, while the left- 
hand index passes through a division on the circle for 
15 fathoms, and makes an entire revolution during 

Q 
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a descent of 225 fathoms. Wliore greater depths 
are required it is only necessary to add another 
dial and index. This sounding instrument answers 
very well in moderately deep water, and is extremely 
valuable for checking soundings hy the ordinary 
method, where deep currents arc suspected, as it 
ought to register vertical descent only. It is not 
satisfactory in very deep water, and its uncertainty 
is shared apparently hy all instruments involving 
metal Avhcel-work. It is difficult to tell the reason. 
The machinery seems to get jammed in some way 
under the enormous pressure of the water. 

The ‘ Massey’s sounding-machine ’ in common use 
is somewhat different from the ‘shield’ instrument 
described and figured above. It is constructed on 
precisely the same principle, hut it is bolted to a 
special form of sounding lead, and is thus somewhat 
more cumbrous. 

Besides the increasing attention which has been 
paid of late years to all subjects of scientific interest, 
and especially to those connected with physical geo- 
graphy, the conditions of the depths of the sea, tlie 
nature of the bottom, the force and direction of deep 
currents, the temperature at great depths, and, in 
fact, all the conditions alTecting the sea bottom, 
have lately acquired great practical importance in 
connection with telegraphic communication hy ocean 
cables. 

The Atlantic Ocean, Avith the accessible portions 
of the Arctic Sea, has naturally, from the relation in 
Avhieh it stands to the first maritime and commercial 
nations of the present period, been the most carefully 
surveyed ; and as it appears to contain depths nearly 
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if not quite as great as any to be found in the other 
ocean basins, it may probably be taken as a fair 
example of ordinary conditions. It is open from 
pole to pole, and thus participates in all conditions 
of climate, and it communicates freely with the 
other seas. We have still but scanty information 
about the beds of tlie Indian, the Antarctic, and the 
Pacific oceans, but the few observations which liave 
hitherto reached us seem to indicate that neither is 
the depth extreme in these seas, nor does the nature 
of the bottom differ greatly from what we find nearer 
liome. The Mediterranean — a closed cul-de-sac 
almost cut off from the general ocean — is under 
most peculiar circumstances, which will be discussed 
hereafter. The general result to which we arc led 
by the careful and systematic deep-sea soundings 
which have been undertaken of late years by our 
own Admiralty and' by the American and Swedish 
Governments, is that the depth of the sea is not so 
great as was at one time supposed. I liave already 
mentioned that in some of the earlier sounding expe- 
ditions enormous depths were registered from various 
])arts of the Atlantic, and I have also mentioned the 
reasons, depending chielly upon defective ajipliances, 
why many of these soundings arc now considered un- 
trushvorthy. Lieutenant Berryman of the U.S. brig 
‘ Dolphin,’ reported 4,580 fathoms (27,480 feet), equal 
to the height of Dwalagiri, in lat. 41° 7' N., long. 
49° 23' W., half-way between New York and tlie 
Acores ; ‘no bottom ’ at 4,920 fathoms (29,520 feet), 
deeper than the height of Deodunga, the highest 
peak in the world, in lat. 38° 3' N., long. 07° 14' W. ; 
and ‘ no bottom ’ at 0,600 fatlioms (39,000 feet), 

Q 
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lat. 32° 55' N., long. 47° 58' W., indicating a chasm 
between the coast of America and the Western 
Islands, which might easily engulph the whole range 
of the Himalayas. This space probably represents 
the deepest part of the North Atlantic ; but there is 
little doubt that these depths are greatly exagge- 
rated. The average depth of the ocean bed does not 
appear to be much more than 2,000 fathoms (12,000 
feet), about equal to the moan heiglit of the elevated 
table lands of Asia. 

The thin shell of water which covers so much of 
the face of the eart'h occupies all the broad general 
depressions in its crust, and it is only limited and 
more abrupt prominences wlxich project above its 
surface as masses of land with their crowning pla- 
teaux and mountain ranges. The Atlantic Ocean 
covers 30,000,000 of square miles and the Arctic Sea 
3,000,000, and taken togetlicr they almost exactly 
equal the united areas of Europe, Asia, and Africa 
— the whole of the old world; and yet there seem 
to be few depressions in its bed to a greater depth 
than 15,000 or 20,000 feet — a little more than the 
height of Mont Blanc — and except in the neigh- 
bourhood of the shores there is only one very 
marked mass of mountains, the volcanic group of 
the A 9 ores. 

The central and southern parts of the Atlantic 
appear to be an old depression, probably at all events 
coseval with the deposition of the Jurassic forma- 
tions of Europe, and throughout these long ages 
the tendency of that great body of water has no 
doubt been to ameliorate the outlines, softening down 
asperities by the disintegrating action of its waves 
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and currents, and filling up hollows by drifting about 
and distributing their materials. 

The first careful surveys of the Atlantie, in whieh 
great depths were determined with eonsiderable accu- 
raey, are the eruises of Licut.-Commanding Lee, in 
the U.S. brig ‘Dolphin’ (1851-52), and of Lieut- 
Commanding 0. H. Berryman, in the same vessel 
in 1852-53 ; but the sounding voyage in which 
modern appliances were first employed with perfect 
accuracy wdth a practical object was that of Lieu- 
tenant Berryman in 1856, in the U.S. steamer 
‘Arctic,’ in which twenty-fout deep-sea soundings 
were taken with tlie Brooke’s and Massey’s sounding 
machines on a great circle between St. John’s, New- 
foundland, and Valcntia in Ireland, with a view 
to the laying of the first cable. The same ground 
was gone over by Lieutenant Dayman, in II.M.S. 
‘Cyclops,’ in June and July, 1857, and thirty-four 
soundings were taken, the depth being estimated by 
Massey’s sounding-machine and a modification of 
Brooke’s machine already described. The next im- 
portant sounding expedition was that of Commander 
Dayman, in H.M.S. ‘Gorgon,’ from Newfoundland 
to the Azores, and thence to England. The depths 
were taken in this case with a lead usually 188 lbs. 
in weight which was lost at each cast, and alba- 
core line with a breaking strain of 420 lbs. Only 
on one occasion, about a third of the way from the 
Agorcs to England, a cup-lead was let go, attached 
to a stronger line, in 1,900 fathoms, and came up 
half filled with grey ooze. 

Another route for a telegraph cable having been pro- ' 
posed, H.M.S. ‘Bull dog’ started in July, 1860, under 
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the command of Captain Sir Leopold M‘Clintock, and 
took depths between the Faeroe Islands and Iceland, 
and thence to Greenland and Labrador. The sound- 
ings were taken first by cod-line and an iron sinker 
of about 1 cwt., the line and sinker being cut off at 
each operation ; and the sounding was then usually 
repeated with the ‘ Bull-dog ’ sounding-machine, with 
which large samples of the bottom Avcre procured. 
A diary of this voyage was kept by Dr. Wallich, 
Naturalist to the Expedition, and was afterwards 
published by him as part of the extremely important 
memoir on the North Atlantic sea-bed, to which 
I have already referred. Some further questions 
having arisen as to the best line to be taken by 
an Atlantic telegrapli cable. Captain Iloskyn, R.N., 
was despatched in the ‘ Porcupine ’ to examine the 
curious dip from 550 to 1,750 fathoms, described 
by Captain Dayman in 1857 as occurring about 170 
miles west of Valentia. One important result of this 
cruise was the discovery of the ‘ Porcupine ’ Bank, 
about 120 miles west from Galway Bay, with a mini- 
mum depth of 82 fathoms. 

Towards the latter part of the year 1868 II.M.S. 
‘ Gannct,’ Commander W. Chimmo, R.N., was 
ordered by the Admiralty to define during her 
homeward voyage from the West India Station 
the northern limits of the Gulf Stream, and to 
take deep soundings and temperatures. Thirteen 
soundings were taken with the Brooke’s machine 
over an area of upwards of 10,000 square miles 
from Sable Island (lat. 43° 20' N., long. 00° W.), at 
depths varying from 80 to 2,700 fathoms. 

For many years past the American Government 



cMAP. v.J DKKP-tiKA AOUNDlMil. 2:]! 

have been prosecuting a most careful and elaborate 
survey of their coast-line; and latterly the Coast 
Survey, under the late Professor Bachc and the pre- 
sent energetic head of the Bureau, Professor Pierce, 
has pushed its operations into deep water, particu- 
larly in the Gulf-stream region north-westwards of 
the Strait of Plorida. Dredging operations have 
been conducted most successfully under Count Pour- 
talcs, and it will be seen hereafter that his results 
are a valuable complement and corroboration of our 
own. The Swedish Government has twice executed 
careful soundings in the sea between Spitzbergen and 
Greenland and to the south-west of Spitzbergen; in 
18G0 under the direction of Otto Thorell, and in 
1808 through the Swedish Arctic Exploring Expe- 
dition under Captain Count von Otter of the Boyal 
Swedish steamer ‘ Sophia.’ In 1809 the Swedish 
corvette ‘ Josephine ’ sounded and dredged in the 
North Atlantic, taking soundings to the depth of 
upwards of 3,000 fathoms, and discovered the ‘ Jose- 
phine Bank,’ with a minimum depth of 102 fathoms, 
in lat. 30'’ 45' N., long, ll" 10' W. to the north-west 
of the Strait of Gibraltar. Tlie Nortli-German Polar 
expeditions greatly increased our knowledge of the 
Spitzbergen and the Greenland Seas; and finally, 
on December 20th, 1870, the American nautical 
school-ship ‘ Mercury,’ Captain P. Giraud, crossed the 
Tropical Atlantic to Sierra Leone, which she reached 
on the 14th of Eebruary, 1871. She left Sierra 
Leone on Eebruary 21st, and soundings and other 
observations were continued till she reached Ilavan- 
nah on the 13tli of April. The object of this ex- 
pedition and the eharacter of the observers are 
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singular and instructive. It seems that the ‘ Mer- 
cury’ is a vessel belonging to the Commissioners 
in charge of the hospitals and prisons of New York, 
and it is employed for the purpose of training boys, 
committed by the magistrates for vagrancy and slight 
misdemeanours, to become thorough seamen. One 
important part of the training in this ship is that 
she makes long cruises, and the boys are thus fitted 
quickly to enter into the service of the navy or the 
mercantile marine. In the present cruise the Com- 
missioners desiring to promote the education of the 
lads and to advance the interests of science as much 
as lay in their power, instructed the captain to obtain 
a series of soundings on the line of or near the 
equator from the coast of Africa to the mouth of the 
Amazon, and to observe the set of the surface currents 
and the temperature of the water at various depths. 

The Commissioners report most favourably of this 
mode of training, which is now being so generally 
adopted in this countiy. For such hoys the adven- 
turous life has a special charm, and, “instead of 
growing up to be a curse to the community, they 
are made into valuable men.” Two hundred and 
fifty scapegraces were sent out on this voyage, and 
on the return of the ship, in the opinion of the 
captain 100 of these were capable of discharging the 
duties of ordinary seamen. 

Brooke’s detaching sounding apparatus was used 
in the ‘ Mercury,’ and in the report of the scientific 
results of the voyage, which was drawn out by Pro- 
fessor Henry Draper of New York, a diagram of the 
bed of the Atlantic at the tweltth parallel is intro- 
duced, based on fifteen soundings. It shows that. 
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“parting from the African coast, the bed of the 
ocean sinks very rapidly. A couple of degrees west 
of the longitude of Cape Verde the soundings are 
2,900 fathoms. From this point the mean depth 
across the ocean may be estimated at about 2,400 
fathoms, hut from this there are two striking 
departures — first, a depression, the depth of which 
is 3,100 fathoms ; and, second, an elevation, at which 
the soundings are only 1,900, the general result of 
this being a deep trough on the African side and a 
narrower and shallower trough on the American.” ’ 

Referring to the chart (PI. VII.), in which the 
greater depths are indicated by the deeper shades of 
blue, a shade to every 1,000 fathoms ; in the Arctic 
Sea there is deep water ranging to 1,500 fathoms to 
the west and south-Avest of Spitzbergen. Extending 
from the coast of Norway and including Iceland, the 
F'deroe Islands, Shetland and Orkney, Great Britain 
and Ireland, and the bed of the North Sea to the 
coast of Franco, there is a Avide plateau on AA^hich the 
depth rarely reaches 500 fathoms, but to the west of 
Iceland and communicating doubtless Avith the deep 
Avater in the Spitzbergen Sea a trough 500 miles wide 
and in some places nearly 2,000 fathoms deep, 
curves along the cast coast of Greenland. This is 
the path of one of the great Arctic return currents. 

^ Cruise of the School-ship ‘ Mercury ' in the Tropical Atlantic, with 
a Eeport to the Commissioners of Public Charities and Correction of 
the City of New York on the Chemical and Physical .Facts collected 
from the Deep-Sea Eesearches made during the Voyage of the Nautical 
School-ship ‘ Mercury,’ undertaken in the Tropical Atlantic and Carib- 
bean Sea, 1870-71. By Henry Draper, M.D., Professor of Analytical 
Chemistry and Physiology in the University of New York. Abstracted 
in Nature^ vol. v. p. 324. 
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After sloping gradually to a depth of 500 fathoms 
to the westward of the coast of Ireland in lat. 52° N., 
the bottom suddenly dips to 1,700 fathoms at the 
rate of about fifteen to nineteen feet in the 100; 
and from this point to within about 200 miles of 
the coast of Newfoundland when it begins to shoal 
again, there is a vast undulating submarine plain, 
averaging about 2,000 fathoms in depth below the 
surface — the ‘ telegraph plateau.’ 

A valley about 500 miles wide, and with a moan 
depth of 2,500 fathoms, stretches from off the south- 
west coast of Ireland, along the coast of Europe, 
dipping into the llay of Biscay, past the Strait of 
Gibraltar, and along the west coast of Africa. Oppo- 
site the Capo de Verde Islands it seems to merge into 
a slightly deeper trough, which occupies the axis of 
the South Atlantic and passes into the Antarctic Sea. 
\ nearly similar valley curves round the coast of 
North America, about 2,000 fathoms in depth o(f 
Newfoundland and Labrador, and becoming consider- 
ably deeper to the soutlnvard ; where it follows the 
outline of the coast of the States and the Bahamas 
and AVindward Islands, and finally joins the central 
trough of the South Atlantic otf the coast of Brazil, 
with a depth of 2,500 fathoms. A wide nearly level 
elevated tract with a moan depth below the surface 
of 1,500 fathoms, nearly equal in arc^a to the con- 
tinent of Africa, extends southwards from Iceland as 
far as the 20th parallel of north latitude. This 
plateau culminates at the parallel of 40° north 
latitude in the volcanic group of the A 9 orcs. Pico, 
the highest point of the Azores, is 7,613 feet (1,201 
fathoms) above the lev<d of the sea, which gives from 
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the level of the plateau a height of 16,206 feet (2,701 
fathoms), a little more than the height of Mont 
Blanc above the sea-level. 

Accurate soundings are as yet much too distant 
to justify anything like a detailed contour map of the 
bed of the Atlantic, and such a sketch as the one 
hero given can only he regarded as a first rough 
draft. Notning, however, can giv^e a more erroneous 
or exaggerated conception of its outline than the 
ideal section in Captain Maury’s ‘ Pliysical Geo- 
graphy of the Sea,’ although it is in a certain sense 
correct. • 

According to our present information, wc must 
regard the Atlantic Ocean as covering a vast I’cgion 
of Avidc shallow valleys and undulating plains, with 
a few groups of volcanic mountains, insignificant 
l)oth in heiglit and extent, whom we consider the 
enormous area of the ocean bed. 




CHAPTER VI. 


DEEP-SEA DREDGING. 


The XaturalisVs Dredge. — 0. F. Miiller.^ — Ball’s Dredge. — Dredging 
at moderate Depths. — The Dredge-rope. — Dredging in Deep 
Water. — The ‘ Henifjen Tangles.’ — Dredging on Board the ‘Porcu- 
pine.’ — The Sieves. — The Dredger’s Note-hook. — The Dredging 
Committee of the British Association. — Dredging on the Coast of 
Britain. — Dredging abroad. — History of the l^rogress of Know- 
ledge of the Abyssal Fauna. 

ArPENDix A. — One of the Dredging Papers issued by the British 
Association Committee, filled up by Mr. MacAndrcw. 

Up to the niidtllo of last century the little that 
was known of the inhabitants of the bottom of the 
sea beyond low-water mark, seems to have been 
gathered almost entii’ely from the few objects found 
thrown upon the beach from time to time after 
storms, and from chanee captures on lead-lincs, and 
by fishermen on their long lines and in trawls and 
oyster and clam dredges. Even these precarious 
sources of information could not be used to the 
utmost, for it was next to impossible to induce fisher- 
men to bring ashore anytliing except the regular 
objects of their industry. Even now the schoolmaster 
has scarcely made way enough to eradicate old pre- 
judices. Eishermen are often so absolutely ignorant 
of the nature of these extraneous animals, that it 
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is conceivable to them that they may he devils of 
some kind which may have the power in some occult 
Avay of influencing them and the results of their 
fishing. I believe, however, that with the progress 
of education this notion is dying out in most places, 
and that now fewer rarities and novelties are lost 
because it is ‘ unlucky ’ to keep them in the boat. 

The naturalist’s dredge does not appear to have 
been systematically used for investigating the fauna 
of the bottom of the sea, xmtil it was employed by 
Otho rrederick Muller in the researches which 
afforded material for the publieation in 1779 of his 
admirable “Descriptions and History of the rarer and 
less known Animals of Denmark and Norway.” In 
the preface to the first volume Mixller gives a quaint 
account of his machinery and mode of working which 
it is pleasant to read. 

The first paragraph quoted gives a description of a 
dredge not very unlike that used by Ball and Dorbos 
(Fig. 41), only the mouth of tlic dredge seems to 
have been square, a modification of the ordinary 
form Avhich Ave find useful for some pur])Oscs still, 
but in most cases it gives fatal facilities for ‘ wash- 
ing out ’ in the process of hauling in. 

“ I’raecipuum instrumentum, quo fundi maris et 
sinuum incolas extrahere conabar, erat Saccidm re- 
ticularis, ex funiculis cannabinis concinnatus, mar- 
gine aperturae alligatusla minis quatuor ferreis ora 
exteriori acutis, vlnam longis, quatuor vneias latis, 
et in quadratum dispositis. Angulis laminarum ex- 
surgebant quatuor bacilli ferrei, altera extremitatc in 
annulum liberum iuncti. Iluic annectitur funis du- 
centarum et plurium orgyarum longitudinc. Saccus 
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mari immissiis pontlere fcrrei apparatus funduni 
plcrumque petit, intcrdum diuersoruiu ct contra- 
riorum saepc fluminum maris iiiferiorum aduersa 
actiono molcquc ipsius funis plurium orgyjxrum in 
via retiueri, nec fundum attingcrc creditur.” 

The figure of this first ‘ naturalist’s dredge ’ is 
taken from an ornamental scroll on the title-page 
of Muller’s hook. 

“ Eundo iniacens ope remorum aut venti modici 
trahitur, donee traetum quendam quaeuis obuia exci- 
piendo confeccrit. In eymbam denique retrahitur spe 
et lahore, at opera et oleum' saepe perditur, nuhesque 
pro lunone captatur, vel cnim totus argilla fumante 
aut limo foetente, aut meris silieihus, aut testaccorum 
et coralliorum emortuorum quisquiliis implctur, vel 
saxis praeruptis et latebrosis eautibus implicitus 
horarum interuallo vel in perpetuum omnia experi- 
entis retraliendi inuenta frustrat ; intcrdum quidem 
vnum ct alterum molhisciim, hclminthicmn, aut tes- 
taceum minus notum in dulce laborum lenimen 
reportat.” Miiller graphically describes the difficul- 
ties whicli he encountered in carrying on his uork. 
The paucity of animal life on tlic Scandinavian coasts ; 
the wild and variable climate, “ aiiris intemperics, 
marisque in sinubus et oris maritimis Norvcgiac 
inconstantia adco 2)i‘<'icpropera et pracpostcra, vt acr 
calidissimus vix minutorum interuallo in frigidum, 
tempestas serena in horridam, malacia infida in aestu 
ferventern pclagum hand raro mutetur.” Still nothing 
can quell the energy of the enthusiastic old naturalist, 
who looks upon all his hardships as part of the day’s 
work : “ Hanc mutationem saepius cum vitae pcriculo 
et sanitatis dispendio expertus sum, ncc tamen. 
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membra licet fractus, animum dcmisi, nee ab incepto 
(lesistere potui. Discant debinc liistoriac naturalis 
scituli, rariora naturae absque indcfesso labore nee 
comparari, ncc iuste nosci.” ' It docs not appear, 
however, that Otho Frederick Muller dredged much 
beyond thirty fathoms, and in his day tlie knowledge 
of marine animals was not sufficiently advanced to 
warrant any generalization as 
to tlieir bathymetrical distri- 
bution. 

The instrument usually em- 
ployed in this and otlier 
northern countries for dredg- 
ing oysters and clams is a 




liglit frame of iron about five 


Icet long by a foot or so in ^ 
width at the mouth, with a 
scraper like a narrow hoc on 
one side, and a suspending 
a])paratus of thin iron bars 
which meet in an iron ring for 
tlic attachment of the dredge 
rope on the other. Trom 
llie Iramc is suspended a bag i)iv.is>'. .v.o. )t„o. 

about two feet in deptli, of 

iron cliain netting, or of wide-meshed hempen cord 
netting, or of a mixture of botli. Naturalist dredgers 
at first used the oyster dredge, and all the diiferent 
dredges now in use arc modifications of it in one 
direction or in another ; for in its simplicity it is not 


Fig, 4-1. --Otho Fiederiek Muller’s 


^ Zoologia Danica. 8ev Aiiimalivm Daniac et jVorvegiae niriorum 
Jic niinvs notorvm Descriptioiies et llistoria. Avetore Otlionc Frklcrico 
^liiller. .Tlavniao, 1788. 
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suitable for scientific purposes. The oyster dredge 
lias a scrapiir only on one side. In the skilled hands 
of the llslicrmen this is no disadvantage, for it is 
alw ays sent down in such a way that it falls face 
foreinost, hut philosopliers using it in deep water 

very generally found that 
whether from clumsiness 
or from want of suflicient 
practice, they had got the 
dredge dowui on its hack, 
and of course it came 
up empty. Again, oyster 
dredgers are only allowed 
to take ovsters of a certain 
size, and tlic mcsliing of 
the commercial dredge is 
so contrived as to allow 
all bodies und(u‘ a certain 
coiisiderahle size to pass 
through. Tin’s defeats the 
object of the naturalist ; 
for some of the prizes 
to wdiich he attaches the 
highest value arc mites of 
tilings scarcely visible to 
the unaided eye. 

The remedy for these de- 
fects is to have a scraper 
on each side, with tlie arms attached in such a way 
that one or other of the scrapers must reach the 
ground in whatever position the dredge may fall ; and 
to have the hag deeper in proportion to the size ol 
the frame, and of a material which is only sulhciently 
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open to allow the water to pass freely through, with 
the openings so distrihnted as to leave a part of the 
hag close cnougli to bring np the finest mud. 

The late Dr. llohcrt Ball of Dublin devised the 
modification Avhich has since been used almost uni- 
versally by naturalists in this country and abroad 
under the niame of ‘ Dali’s Dredge’ (Dig. 45). The 
dredges on tins pattern used in Britain for ten 
years after their first introduction about tlic year 
1S38, were usually small and rather heavy — not 
more than from twelve to fifteen inches in length 
by four or four and a lialf incises in width at the 
mouth. There were tAvo scrapers the length of the 
dr(!dge-(‘ranie, and an inch and a half or two inches 
Avide, sot at an angle of about 110° to the plane 
of the dredge’s mouth, so that Avlien the dredge 
was gently hauled along it took hold of the ground 
and si^eured anything loose on its surface. I liaA’c 
scon Dr. Ball scatb'r pence on the draAAung-room 
fioor and pick them u]) quite de.\tcrously Avith 
the dredge draAvn along in the ordinary dredging 
position. 

Latterly aac have used Ball’s dredges of consider- 
ably larg('r size. Perhaps the most coiiA'cnicnt fonn 
and size for dredging from a row-boat or a yawl at 
depths under a hundred fathoms is that re])rcscnted 
by Pig. 45. Tin; frame is eighteen inebes long, and 
its Avidth is five inches. The scrapers ar(; three 
indues Avidi', and they are so set that the distance 
across between their scraping edges is seven inches 
and a half. The ends of the frame connecting the 
scrajiers are round bars of iron live-eighths of an 
inch in diameter, and from the.se two cuiwcd arins of 

R 
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round iron of the same tliiekncss, dividing beneath 
into two l)raneh('s, wliieh are attaehed to the ends of 
the cross-bars ])v ('ves allowing the arms to fold down 
over tlie dredg'('-mouth, meet in two lieavy (wcs at a 
])oiut eighteen inches above the centre of tin; frame. 
'I’Ik' total w(‘iglit of the dredge-frame and arms is 
twenty pounds, ft ought to be of tlie best JjOw- 
nioor or Swedisli wrought-ii-on. I Inu'e seen a stout 
dredge-frame of .Lowmoor iron twisted like a bit 
of Avax in extricating it from a jam between two 
stones, and, singularly enough, the dredge which 
canui u]) in that ‘condition contained the unique 
(‘xample of an echinoderm nc\'er 1‘onnd before or 
since. 

Tlu' thick inner edges of the scra])ers are ])erforated 
by round boh's at distances of about an inch, and 
through lhe.se, strong iron langs about an ineb in 
diameter arc passed, and two or three like rings run 
on th(‘ short rods winch form tin' ends of the dredge- 
IVame. A light iron rod bent to tbe form of the 
dredge 0 ])cning usually runs thri.nigh these rings, and 
to this rod and to tlie rings tln^ mouth of the dredg(,‘- 
bag is s,'‘curely attaehed by stout cord or strong 
eoi)])er win'. 

in the dredge now before me, wbicb bas Avorked 
Avell and s(.'en good service, tins bag is tAvo fe('t in 
depth, and is of hand made iiet ol' very strong tAvine, 
tbe m(!sh('s half an incli to the side. So open 
a network Avould h't many of the sinaller tilings 
through, and to aAmid this tlic b'ottom of the bag, 
to tbe height of about nine inches, is lined Avith 
‘ bread-bag,’ a light ojien kind of canvas. 

]\lanv olhi'r materials have been used for dredge- 
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bags. Raw bulfalo- and cow-hides are very strong, 
but they arc apt to bceoine ollcnsivc. A7hea tlu^sc 
are used it is necessary to punch holes licre and there 
to lot the water tlirougli or to leave the seams wliich 
arc sewed Avith tliongs a litllc open. Another bag 
Avhicli I have used frequently is made of sail-cloth, 
Avilh a windoAV of strong brass Avire gauze let in on 
cither side. Nothing, however, seems to mo so go(;d 
as strong cord nelting. 'I'he Avaler j)asses easily 
through and carries with it a large p.irt of the tine 
mud, while enough mud is retained by the bread-bag 
lining in the bottom to give ;l fair sample of its 
eoulents. It may be said that many small valuable 
obj(‘cts Jiiay be AAashed through the meslies of tlie 
upper part of the dredge tilong with the mud, and 
thus lost ; hu!, on the other hand, if the bag be very 
close it is apt to g('t tilled up with mud at oiiee, and 
to collect nothing more. 

It is alwavs well when dredging, at Avhatever 
depth, to ascertain the approximate depth with the 
lead before easting the dredge; and the lead ought 
always to be accompanied by a protected thermome- 
ter, for the subsequent haul of the dredge AA'ill gain 
greatly in value as an observation in geographical 
distribution if it be aeeumpanied by an accurate note 
of the bottom temperature, h'or depths under 100 
fathoms the amount of rope paid out should be at 
haist double the depth. Under thirty fathoms, where 
one generally works more rapidly, it should be more' 
nearly three times. This gives a good deal of slack 
before the dredge if the boat be moving very slowly, 
and keeps the lip of the dredge av ell down ; and if the 
boat be moving too quickly through the Avatcr, by 

R 2 
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fill’ the most common error in amateur dro(l“in»', 
from the low an^’le at which tlie line is lying in tlie 
wai(‘r ili(' dredge lias its best chance of getting an 
occasional scrajie. It is had economy to use too 
light a rope, for a dredge such as that di'scrihi'd, 
and for worh round the coasts of Ihirope at depths 
attainable from a row-boat or yawl, I would recom- 
mend hoU-ropc of the best llnssian hemp, not less 
liian OIK' and a halt inch in cirenmfereneo, which 
should contain from eighteen to twc'iity yarns 
in tliri'c strands. Each yarn should bear nearly a 
hundredweight, so that the breaking strain ot such a. 
rope ought to hi' upwards of a ton. Of cour,se it is 
nevi'r voluntarily exposed to such a strain, hut in 
shallow water the dredge is often caught among 
roi'ks or coral, and the roiic ought to he strong 
enough in such a casi' to liring u]) the boat, I'ven if 
there wen; some little way on. 

Uredging in sand or mud, the dr<'dg('-ro])e may 
simply he jiassed through the double I'yc formed by 
till' I'xtremities of the two arms of thi' dredge; hut in 
rocky or unknown ground it is hi'tter to fasti'ii thi' 
rope to till' eye of one of the arms only, and to tic the 
two ('yes together with about three' or four turns of 
rojie yarn. This breaks much more readily than the 
dredge ropi', so that if the dredgi' gi't caught it is 
the tirst thing to give way under a strain, and in 
doing so it vi'ry often so alters thi' ^losition and form 
of the dredge as to allow of its ('xtrication. 

The dri'dge is slippi'd gently over the sidi', eithi'r 
from till' bow or from the stern— in a small boat 
more usually thi' latti'r— Avhile then! is a littli! way 
on, and thi' direction which the rope takes indi- 
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cates roughly wlietlu'i' the di’cdi^c^ is down 

properly. WIk'h it reaclies th(3 ^’roniid and Ix'^ins 
to .scra])o, an cx])erioncod hand upon ilio rope can 
usually at once d(;tect a tremor given to tlic (h'cdge 
hy the scraper passing over the irregularities of the 
hottoin. 'L'lie due amount of rope is then paid out, 
and tlic rop(! hitched to a heneli or rollock-pin. 

AMieu tlu'ro is anything of a current, IVoin what- 
ever cause, it is usually convenient to attach a AV('ight 
varying from fourteen pounds to half a hundnal- 
weiglit, to the rope tlirce or four fathoms in front of 
the dredge. This }>rcv(Mits in some degree the 
lifting of the mouth of the dredge. If the weight 
he attached nearer the dre(lg<', it is apt to injure 
delicate objects ])assing in. 

The boat slumld mov(‘ vei-y slowly, ])rol)ahiy not 
faster than a mile an hour. Tn still water, or with 
a v('ry slight current, the dredge of course anchors 
the boat, and oars or sails an^ nec(>ssary ; hut if 
the boat be moving at all it is all that is i‘e(piired. 
1 like best to dredge Avith a close-reefed sail hd'ore a 
light Avind, Avith Aveighls, against a very slight tide* 
or current ; hut these are conditions Avhich cannot 
always he commanded. I'he dredge; may remain 
down from a (piartcr of an hour to twenty minute's, 
hy Avhieh time, if things go well, it ought to he 
fairly lilled. 

In dredging from a small boat tin* simphist plan is 
for tAvo or three men to haul in hand over hand and 
coil in the bottom of the boat. Eor a large yaAAl 
or yacht, and for dej)ths beyond fifty fathoms, a 
ninch is a great assistance. I'he ro})c; takes a couple 
of turns round the Avinch, which is Avorkc'd hy two 
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men, while a third takes it from the winch and 
coils it. 

Dredging in deep water — that is, at depths beyond 
200 fathoms — is a matter of some difficulty, and can 
scarcely be compassed with the ordinary machinery 
at tlie disposal of amateurs. Deep-sea dredging can 
no doubt be carried on from a good-sized steam yacht, 
but the appliances arc so numerous and so bulky, 
and the work is so really hard, that it is scarcely 
compatible witli pleasure-seeking. 

I do not know tliat much iraprovemont can ho 
made upon the apparatus and method employed in 
the ‘ Porcupine * in 1800 and 1870. I will therefore 
describe her dredging gear and the dredging opera- 
tion carried on from her at the greatest depths in 
the Bay of Biscay, that which tested our resources 
most fully, somewhat in detail. 

The ‘ Porcupine ’ is a 382-ton gun-boat, fitted up 
for the surveying service, in which she has been em- 
ployed for some years past among the Hebrides, and 
latterly on the east coast of England. She was 
assigned for our special work in 1800, with all her 
ordinary surveying fittings ; and certain very im- 
portant additions were made ; among others the 
double-cylinder donkey engine, which worked up 
to about twelve horse-power, Avith surging drums 
of different sizes, large drums for bringing up light 
weights rapidly, and smaller drums for heavy work. 
This engine was set up amidships, so that lines could 
ho led to the drums either from fore or aft. TJie 
donkey engine proved a most serviceable little 
machine. Wc almost always used the large drum, 
both in dredging and sounding; and except on one 
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or two occasions, when an enormous load, once 
nearly a ton, came up in the dredge-bag, it de- 
livered the rope steadily, at a uniform rate of more 
than a foot per sceond, for the whole summer. 

A powerful derrick projected over the port how. 
A large block was suspended at the end of tlie 
derriek by a rope which, as in the case of the sound- 
ing-line, was not directly attached to the spar but 
passed through an eye, aftd was attached to a ‘ bitt ’ 
on deck. On a bight of this rope was lashed a 
powerful aceumulator, the machine already descrilicd 
(p. 222), as of so much use in the management of 
the sounding-line. In dredging from a largo vessel 
the ‘ accumulator ’ is invaluable. Prom tlie great 
strength of the springs the dredge is usually drawn 
along without stretching them to any great degree; 
they become tense and taut, and yield, with a kind 
of slight pulsation, to the rise and fall of the vessel. 
Whenever they run out it is a sure indicatioii that 
either the dredge has eaught or the Aveight in it is 
becoming too great, and that the dredge-rope ought 
to be relieved by a turn of the paddle-Avhccl or screw. 
Care should be taken not to have the bight of the 
rope to which the accumulator is attached more 
than about tAvice the length of the unstrctched 
sj)rings. Springs in good order ought to stretch to 
much more than double their length ; but it is unsafe 
to try them too far, as a lash from one, if it Averc to 
give Avay, Avould bo most serious. When a great 
strain comes upon the rope, it acts first upon the 
accumulator, pulling doAViA the block and stretching- 
the elastic bands ; and a graduated scale on the 
derrick, against which the accumulator plaVS, glvCS 
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in cwis. an approximation at all events to the strain 
on tlie rope. 

A S('concl derrick, nearly equally sti'ong’, Avas rigged 
ov('r tlie stern, and avc dr<‘dged sound inn's from oin* 
and sometimes from the other. The st('rn deri-iek was, 
hoAVCver, pi-ineipally used for .sounding; tln^ letting- 
go hoard, &c., heing titted up in connection with it. 
AVe had an ('xc<'ll.ent arrangement for stoAving tin* 
dredge-rope in the ‘ Porcupine an arrangement 
Avhich made its manipulation singularly easy, not- 
withstanding its great A\'<dght — about 5,.")()0 Ihs. Avow 
of about tAV('nty great iron pins, a*l)oiit two and a half 
feet in length, pro)<'cted OA'er one side of the (piarler- 
deck, rising oblicpiely from the top of tin* bulwark, 
bach of these held a coil of from tAvo to three; luin- 
dre'd fathoms, and the rope was coih'd eontinuonsly 
along the Avhole roAV (Tig. 14i). Al'hen (he dredn'c 
Avas going doAvn, tin; rojie Avas taken ra])idly by the 
men from these pins- ‘ Aunt Sallies' Ave calk'd tlu'm, 
from their ending over the deck in sjnooth Avliitc 
balls — in successioji, In'ginning Avith (In' one in'arest 
tin' dre'dging derrick; and in hauling iij), a rc'lay of 
men carried the ro|)e along from tin* surging drum 
of the donkey engine and laid it in coils on the pins 
in iiiA'crse order. Thus, in le*:ting go, the rope 
])assed to the block of the derrick directly from tin* 
‘Aunt Sallies;’ in hauling up, it pass('d from (he 
hloek to the surging drum of tin* doukc'y-f'ugine, 
from which it Avas taken by the men, and coiled on 
the ‘Aunt Sallies.’ 

The length of the dredge-rope Avas ,‘>,()()() fathoms, 
nearly three and a half statute miles. Of this, 2,000 
fathoms Avert* ‘ luiAvser-laid,’ of the best Itussian 
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hemp, 2| iaches in circumference, with a breaking 
strain of 2^ tons. The 1,000 fathoms next the 
dredge wore ‘ hawser-laid,’ 2 inches in circumference. 
A Russian hemp rope appears to be the most suit- 
able. A manilla rope is considerably stronger for 
a steady pull, but the fibre is more brittle and liable 
to go at a ‘ kink.’ I have never seen a wire-rope used, 
but I should think it would be liable to the same 
objection. The ‘ Challenger ’is to be supplied with 
‘ whale-line ’ for her great expedition. The frame of 
one of the dredges which we used in the Bay of 
Biscay is represented at Figs. 47 and 48. The length of 




Fig. 47. — The Kiifl of the Predge-fratne, 

the dredge-frame is 4 ft. 6 in., and it is 6 inches wide 
at the throat or narrowest part. The dredge used in 
the deepest haul was somewhat different. About 
half of each arm next the eye to which the rope was 
attached, was of heavy chain. I doubt greatly, how- 
ever, if this is an advantage. The chain drags along 
in front of the dredge, and may possibly obstruct 
the entrance of objects and injure them more than a 
pair of rigid arms would do. On one side the chain 
was attached to the arm of the dredge by a stop of 
five turns of spun-yarn, so that in case of the dredge 
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becoming entangled or wedged among rocks or 
stones, a strain less than sufficient to break the 
dredge rope would break the stop, alter the position 
of the dredge, and probably enable it to free itself; 



and in case of its taking in a greater load of mud 
than the rope could bring up, the stop would like- 
wise give way and allow the dredge to fall into such 
a position that a large part of its contents would slip 
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out. The weight of the frame of this dredge, the 
largest wo over used, was 225 lbs. ; it was forged by 
Messrs. Ilarlaud and Wolff of Belfast of the best 
Lowraoor iron. The dredge-hag was double — the 
outer of strong twine netting, the inner of bread- 
bag. Three sinkers— one of 1 ewt., 
the other two of 50 lbs. each — were 
attached to the dredge-rope at 500 
fathoms from the dredge. 

Tlie operation of sounding at a 
depth of 2,435 fathoms in the Bay 
of Biscay on the 22nd of July, 1809, 
lias already been described in detail. 
When the d(^ptli had been aceurately 
ascertained, about 4.45 p.m. the 
dredge was let go, the vessel drift- 
ing slowly before a moderate breeze 
(force = 4) from the N . W. The 3,000 
fathoms of rope were all out at 5.50 
P.M. The diagram (Big. 50) will 
give an idea of the various relative 
positions of the dredge and the vessel 
according to tlie plan of dredging 
adopted by Caj)tain Calver, which 
worked admirably, and which ap- 
pears, in fact, to be the only mode 
which would answer for great depths. 

A represents the position of the vessel when tlie 
dredge is let go, and the dotted line A B the line 
of descent of the dredge, rendered oblique by the 
tension of the rope. While the dredge is going down 
the vessel drifts gradually to leeward ; and when 
the whole (say) 3,000 fathoms of rope are out, c, w. 



Kio. 49 - The End of the 
Divilge-fraiiie, showing 
tlie niode of attaehuicnt 
of the Bag. 




Fig. TjO. — D iagram of the relative position of the Vessel, tlio Weights, and the Dredge, in 
dredging in deep water. 


positions of the vessel, the weight attached 500 
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fathoms from the dredge, and the dredge itself. The 
vessel now steams slowly to windward, occupying 
successively the positions k, p, g, and ii. The weight, 
to which the water offers but little resistance, sinks 
from w to w', and the dredge and bag more slowly 
from D to n. Tlic vessel is now allowed to drift back 
before the wind from ii towards c. The tension of 
the motion of the vessel, instead of acting immediately 
on the dredge, now drags forward the weight w', 
so that the dredging is carried on from the weight 
and not directly from tlic vessel. The dredge is 
thus (j^uictly pulled along with its lip scraping the 
, bottom in the attitude Avhich it assumes from the 
centre of weight of its iron frame and arms. If, 
on the other hand, the weights were hung close 
to the dredge, and the dredge were dragged directly 
from tlie vessel, owing to the great weight and 
spring of the rope the arms would be continually 
lifted up and the lip of the dredge in’evented from 
scraping. In very deei) dredging this operation 
of steaniing up to windward until the dredge-rope 
is nearly perpendicular, after drifting for half an 
hour or so to leeward, is usually repeated throe or 
four times. 

At 8.50 p.M. we began to haul in, and the ‘ Aunt 
Sallies ’ to fill again. The donkey-engine delivered 
the rope at the rate of rather more than a foot per 
second, without a single check. A few minutes 
before 1 a.m. the weights a 2 )pcared, and a little after 
one in the morning, eight hours after it was cast 
over, the dredge Avas safely hauled on deck, having 
in the interval accomplished a journey of upAvards 
of eight statute miles. The dredge contained 1 1 CAvt. 
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of very characteristic pale grey Atlantic ooze. The 
total weight brought up by the engine was — 


:2,()()0 fathoms, 2^-incli rope 4,000 lbs. 

1 ,000 fatlioms, 2-incli rope 1,500 „ 

5,500 lbs. 


Weiglit of rope reduced to one-fourth in water 1,575 lbs. 

Dredge and bag ^^5 „ 

( )ozo brought up Ih8 „ 

Weight attached 


2,042 lbs. 


Much more experience will yet be necessary before 
wo can assure ourselves that we have devised the 
dredge of the best form and weight for work in the 
deep sea. I rather think that the dredges, 150 to 
225 lbs., which we have been in the habit of using, 
are too heavy. In many instances we have had 
(wideiicc that the dredge, instead of falling gently 
upon the surface and then gliding along and gather- 
ing the loose things in its path, has fallen upon its 
mouth and dug into the tenacious mud, thereby 
clogging itself, so as to admit but little more. I 
mean to try the experiment of heavier weights and 
lighter dredge-frames in the ‘ Challenger,’ and I 
believe it will be an improvement. 

In many of our dredgings at all depths we found 
that, while few objects of interest were brought up 
within the dredge, many cchinoderms, corals, and 
sponges came to the surface sticking to the outside 
of the dredge-bag, and even to the first few fathoms 
of the dredge-rope. 

This suggested many expedients, and finally 
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Captain Cal vov sent down lialt'-a-dozen of the ‘swabs’ 
\is(‘d for wasbin!' tlio decks attaelu'd to the di‘('d^’c. 
Tlu' result was inarvidlous. The tangled beni|) 
brought up oveiwthiiig rougli and nioveahle whicli 
canu' in ils way, and swept tlie hottoin as it miglit 
]iav(^ swept the dc^ck. Ca])tain Calver’s invcmtion 
initiat(Ml a n('w era in de(‘p-s('a dredging. After 
A’arions exjx'riments W(i came to the eonelnsion that 
th(‘ best plan was to attaeli a long iron transverse bar 
to tiui bottom of the dredge-bag, and to fast(m large 
bnnehes of teazed-ont lumip to the free ends of the 
bar (big. bl), AVe.now regard tbe ‘ bempen tangh's ’ 
as an essential adjiuiet to the dredge nearly as 
int])ortant as tlu' dr('dg(‘ itsi'lf, and u.snally inueh 
more conspicuous in its results. !Soni('tiine.s, wlnm 
thc‘ ground is too rough for ordinary dredging, Ave 
use the tangles alom*. There is sonu' (langer, how- 
CAmr, in their use. T’he dredge employed under the 
most favourabh^ circumstances may be su])pos(‘.d or 
hoped to j)ass over tbe surface of tbe tloor of tin; 
s('a for a tundain distance, picking up the objects in 
its path Arhich are ])erfectly free, and small enough 
to enter the dredge mouth. If they chance to be 
attaelu'd in any way, tbe dredge rides ov(‘r them. 
If they exceed in the least tlie width of the dredge- 
ojK'uing, at the ])artieular angle at Avhieh tin* dredge 
may present its('lf at tlu; moment, they ar(> shov'cd 
aside and lost. 

’J'lu‘ Mollu.sca liaA'e by far the bo.st chance of being 
fully rejjresented in ijivestigations carried on by the 
dnalge alone. Tlnur shells arc comparatiAudy small 
solid bodies mix<‘d Avith the ston(;s on the bottom, 
and they enter the dredge along witli these. Echiiio- 
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is the reverse. The sraooth heavy shells are rarely 
brought up, while frequently the tangles loaded with 
the spiny spheres of CUlaris, great white-bearded 
lloUenm, glistening coils of llijalonema, relieved by 
the crimson stars of Aslropcctcn and Brisinga, pre- 
sent as remarkable an appearance as can well be 
imagined. On one occasion, to which I have already 
referred, I am sure not fewer than 20,000 examples 
of Echinns norvegictis came up on the tangles at 
one haul. They were warped through and through 
the hempen fibres, and actually filled the tangles 
so that we could not get them out, and they iiung 
for days round the bulwarks like nets of pickling 
onions in a greengrocer’s shop. The use of the 
tangles, which seem so singularly well adapted to 
their capture, gives therefore a totally unfair advan- 
tage to the radiate groups and tlie sponges, and this 
must alwavs be taken into account in estimating 
their proportion in the fauna of a particular area. 

The tangles certainly make a sad mess of the 
specimens ; and the first feeling is one of woe, as we 
undertake the almost hopeless task of clipping out 
with a pair of short nail-scissors the mangled remains 
of sea-pens, the legs of rare crabs, and tlic di.smem- 
bered disks and separated arms of delicate ci’inoids 
and ophiurids. We must console ourselves with the 
comparatively few things which come up entire, 
sticking to the outer fibres ; and with the reflection 
that had we not used this somewhat ruthless means 
of capture, the mutilated specimens would have re- 
mained unknown to us at the bottom of the sea. 

The dredge comes up variously freighted according 
to the locality. Usually, if dexterously managed. 
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the bag is about half full. If, from a great depth, 
beyond the reach of currents, where there is only so 
slow a movement of the mass of water tliat the finest 
sediment is not carried away, it contains usually 
fine calcareous or aluminous mud alone, with the 
animals forming the fauna of the locality distributed 
through it. In shallower Avatcr wo may have sand 
or gravel, or stones of various sizes mixed with mud 
and sand. 

The next step is to examine the contents of the 
dredge carefully, and to store; the objects of search for 
future use. The dredge is hauled ‘on deck, and there 
are two ways of em]itying it. li e may either turn it 
up and pour out its contents by the mouth, or wc 
may have a contrivance liy Avhicli the bottom of the 
bag may be made to unlace. The first plan is the 
simplest and the one most usually adopted. The 
second has the advantage of letting the mass out 
more smoothly and easily, hut the lacing introduces 
rather a damaging coin])lication, as it is apt to 
loosen or give Avay. In a regixlarly organized dredg- 
ing expedition, a frame is often arranged Avith a 
ledge round it to receive the contents of the dredgig 
hut it docs very avcU to capsize it on an old piece 
of tarpauling. Any objects visible on the surface of 
the heap are now carefully removed and plac('d for 
identification in jars or tubs of sea-AA'ater, of Avhich 
there should be a number standing ready. Tin; 
heap should not he much disturbed, for the delicate 
objects contained in it liaA’^e already been unavoid- 
ably subjected to a good deal of rough usage, and 
the less friction among the stones the better. 

Close to the place where the dnxlge is emptied 

s 2 
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there ought to be one or two tubs about two feet 
in diameter and twenty inches deep, and each tub 
should be provided Avith a set of sieves so arranged 
that the lowest sieve fits freely within the bottom 
of the tub, and the three succeeding sieves fit freely 
within one another (Fig. 52). Each sieve is pro- 
vided with a pair of iron handles through which 
the hand can pass easily, and the handles of the 
largest sieve are made long, so that the whole nest 
can be lifted without stooping and putting the arms 



Ffo. 52. — Set of Di-cdgiug Sieves. 


into the water. The upper smallest sieve is usually 
deeper than tlie others ; it is made of a strong open 
net of brass wire, the meshes a half inch to a side. 
The second sieve is a good deal finer, the meshes 
a quarter inch to a side. The third is finer still, 
and the fourth so close as only to allow the passage 
of mud or fine sand. The sieves are put into the 
tub, and the tub filled up to the middle of the top 
sieve with sea-water. The top sieve is then half 
filled with the contents of the dredge, and the set 
of sieves are gently moved up and down in the 
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water. It is of great importance not to give any 
rotatory motion to the sieves in this part of the 
process, for such is very ruinous to fragile organisms. 
The sieves should he gently churned up and down, 
whether singly or together. The result, of course, is 
that the rougher stones and gravel and the larger 
organisms are washed and retained in the upper 
sieve. The fine mud or sand passes through the 
whole of the sieves and siihsides into the bottom of 
the tub, while the three remaining sieves contain, in 
graduated scries, the objects of intermediate size. 
The sieves are examined carefully* in succession, and 
the organisms which they contain gently removed 
with a pair of brass or bone forceps into the jars 
of sea-water, or placed at once in bottles of weak 
spirit of wine. 

The scientific value of a dredging operation de- 
pends mainly upon two things, — the care with which 
the objects procured arc preserved and labelled for 
future identification and reference, and the accuracy 
with which all the circumstances of the dredging, 
position, depth, nature of ground, bottom tempera- 
ture, date, &c., are recorded. With regard to the 
preservation of the animals, I cannot here go into 
detail. There are many ways of preserving, special 
to the different invertebrate groups; and ‘taxi- 
dermy ’ is in itself a complicated art. I Avill merely 
mention one or two general points. A specimen in 
almost every group is of infinitely greater scientific 
value if it be preserved entire Avith its soft parts, 
i'or this purpose the most usual plan is to place it 
at once in spirit of wine diluted to about proof. 
Care must be taken not to put too many specimens 
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together in one jar, or they will very shortly become 
discoloured ; and the jars ought to be looked to care- 
fully and the spirit tested, and if necessary renewed 
after they have been set aside for a day or two, as 
sea-animals contain a large quantity of water. In 
hot weather, and if the specimens be bulky, it is 
often better to use strong spirit. The ordinary 
methylated spirit of commerce answers sufficiently 
well for ordinary purposes, though if a specimen bo 
reserved for minute dissection, I prefer using pure, 
or even absolute alcohol. 

Eor very delicate transparent objects, — such as 
salpso, siphonophora, polycystina, &c., — Goadby’s 
solution seems to be preferable : but do what we 
may, a preserved specimen of one of these lovely 
objects is a mere cojmt morhmm, a melancholy sug- 
gestion of its former beauty ; good only for the 
demonstration of anatomical structure. 

In preserving marine animals dry, as much of 
the soft parts should be removed as possible, and 
replaced by tow or cotton, and the object to be 
dried should be steeped in several changes of fresh 
water to get rid of the whole of the salt, and theji 
dried very thoroughly and not too quickly. Every 
specimen, whether dry or in spirit, should be labelled 
at once, with the number under which this particular 
dredging is entered in tlic dredger’s note-book. It 
is wonderful how soon things get into confusion 
if this be not rigorously attended to. The small 
paper tickets with a fancy margin and gummed on 
the back, which haberdashers use for ticketing 
their goods, are to be had of all wholesale 
stationers at nominal prices, and they are very con- 
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venient. Their great disadvantage is that if the 
bottles on which they are fixed get wet they are apt 
to come off. 

Pencils are sold by seed-merchants for writing on 
tallies which are to be exposed to rain. Perhaps 
the safest plan is to mark the number and date with 
such a pencil on a shred of parchment or parch- 
ment paper, and put it into the bottle. This may 
seem a trilling detail, but so great inconvenience 
constantly arises from carelessness in this matter, 
that I feel sure of the sympathy of all who are 
interested in the scientific aspect of dredging when 
I insist upon the value of accurate labelling. 

It is of even greater importance that certain 
circumstances relating to every individual haul of 
the dredge should be systematically noted, either 
in the dredger’s diary, or on a special form prepared 
for the purpose. The precise position of the station 
ought to be defined in shore dredging by giving the 
distance from shore and the bearings of some fixed 
objects ; in ocean dredging by noting accurately 
the latitude and longitude. In the ‘ Lightning,’ in 
1868, we dredged at a station about 100 miles to 
the north of the Butt of the Lews, and came upon 
a singular assemblage of interesting animal forms. 
Next year, in the ‘Porcupine,’ we were anxious to 
try again the same spot to procure some additional 
specimens of a sponge which we were studying. 
The position had been accurately given in the log 
of the ‘ Lightning,’ and the first haul at a depth of 
upwards of half a mile gave us the very same group 
of forms which we had taken the year before. On 
our return Captain Oalver again dropped the dredge 
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upon the same spot, with like success. The depth 
in fathoms should he carefully noted, as a most im- 
' portant clement in determining the conditions of life 
and distribution of species; and the nature of the 
bottom — whether mud, sand, or gravel ; and if the 
latter, it is well to state the nature and composition 
of the pebbles, and if possible the source from which 
they may probably have been derived. Now that we 
have in the Miller-Casclla thermometer a reliable 
instrument for this purpose, the bottom temperature 
ought always to be noted. This is important whether 
in shallow or in deej) water. In shallow water it 
gives a datum for determining tlie range of annual 
variation of temperature which can be endured by 
certain species ; and at great depths it is even more 
important, as we are now aware that, owing to the 
movement of masses of Avater at different tempera- 
tures in various directions, totally different condi- 
tions of climate may exist in deep Avater within a 
few miles of one another, and the limits of these 
conditions can only be determined by direct experi- 
ment. It is important when determining the bottom 
temperature to note also the temperature of the 
surface of the sea, the temperature of the air, the 
direction and force of the wind, and the general 
atmospheric conditions. If the dredger be purely a 
zoologist, having no particular interest in special 
physical problems, it will still be well worth his 
while to make all the observations indicated and 
to publish the results. These then pass into the 
hands of physical geographers, to whom all trust- 
worthy additions to the myriad of data which are 
required to arrive at a true generalization of the 
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phenomena of the distribution of temperature are 
most acceptable. 

At the Birmingham Meeting of the British Asso- 
ciation in 1839 an important committee was ap- 
pointed “for researches with the dredge, with a 
view to the investigation of the marine zoology of 
Great Britain, the illustration of the geographical 
distribution of marine animals, and the more 
accurate determination of the fossils of the plio- 
cene period : under the superintendence of Mr. 
Gray, Mr. Forbes, Mr. Goodsir, Mr. Patterson, Mr. 
Thompson of Belfast, Mr. Ball of* Dublin, Dr. George 
Johnston, Mr. Smith of Jordan Hill, and Mr. A. 
Strickland.” The appointment of this committee 
may be regarded as the initiation of the systematic 
employment of this method of research. Edward 
Forbes was the ruling spirit, and under the genial 
influence of his contagious enthusiasm great pro- 
gress was made during the next decade in the know- 
ledge of the fauna of the British seas, and many 
wonderfully pleasant days were spent by the original 
committee and by many others who, from year to 
year, were * added to their number.’ Every annual 
report of the British Association contained commu- 
nications from the English, the Scottish, or the Irish 
branches of the committee, and in 1850 Edward 
Forbes submitted its first general report on British 
marine zoology. This report, as might have been 
anticipated from the eminent qualifications of the 
reporter, was of the highest value ; and taken along 
with his remarkable memoirs previously published, 
“on the distribution of the Mollusca and lladiata 
of the iEgean Sea,” and “ on the geological relations 
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of the existing Fauna and Flora of the British 
Isles,” may be said to mark an era in the progress 
of human thought. 

After enumerating various additions to our know- 
ledge of the distribution of marine invertebrata 
within the British area which were still to be de- 
sired, Forbes concludes his report with the following 
sentence : “ And lastly, though I fear the consum- 
mation, however devoutly wished for, is not likely 
soon to be effected, a scries of dredgings between 
the Zetland and the Faeroe Isles, where the greatest 
depth is under 700 fothoms, would throw more light 
on the natural history of the North Atlantic and 
on marine zoology generally than any investigation 
that has yet been undertaken.” 

To Forbes’s general report succeeded many reports 
from the different sections into which from year to 
year the committee divided itself. Among these I 
may mention particularly the very excellent work 
done by the Belfast dredging committee, communi- 
cated to several meetings of the Association by the 
late Mr. George C. Hyndman; the reports of the 
Dublin committee by the late Professor Kinahan 
and Professor E. Perceval Wright ; the important 
lists of the fauna of the East Coast of England re- 
ported on behalf of the Natural History Society of 
Northumberland, Durham, and Newcastle-upon-Tyne, 
and of the Tyne-side Naturalists’ Field Club, by Mr. 
Henry T. Mennell and Mr. G. S. Brady ; and lastly, 
the invaluable reports on the marine fauna of the 
Hebrides and Shetland, compiled at an extraordinary 
expense of labour, discomfort, and privation — doubt- 
less with an immediate guerdon of infinite enjoyment 
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— through many years, by Mr. Gwyn Jeffreys, Mr. 
Barlce, the Rev. A. Merle Norman, and Mr. Edward 
Waller, and communicated to the Transactions of the 
Association from 1863 to 1868. The dredging com- 
mittees of the British Association, combining the 
pursuit of knowledge with the recreation of their 
summer holidays, may he said to have worked out the 
fauna of the Britisli area down to the 100-fathom 
line, for tlie dredger is now rarely rewarded by a 
conspicuous novelty, and must be contented that the 
greater number of his additions to the British list 
are confined to the more obscifrc groups. 

Meanwhile some members of the dredging com- 
mittee and their friends Avho had time and means 
at their disposal pushed tlieir operations farther 
a-field, and did good service on foreign shores. In 
1850, Mr. MacAndrew publislicd many valuable notes 
on the lusitanian and mediterranean faunm; and 
in 1856, at the request of the biological section of 
the British Association, he submitted to the Chel- 
tenham meeting a general “report on the marine 
testaceous mollusca of tlic North-cast Atlantic and 
neighbouring seas, and the physical conditions affect- 
ing their development.” The field of these arduous 
labours extended from the Canary Islands to the 
North Cape, over about 43 degrees of latitude, and 
many species are recorded by him as having been 
dredged at depths between 160 and 200 fathoms off 
the coast of Norway. Subsequently, Mr. Gwyn 
Jeffreys went over some of the same ground, and 
made many additions to the lists of his predecessors. 

Nor were our neighbours idle. In Scandinavia 
a brilliant triumvirate — Loven of Stockholm, Steen- 
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strup of Copenhagen, and Michael Sars of Chris- 
tiania — were making perpetual advances in the 
knowledge of marine zoology. Milne-Edwards was 
illustrating the fauna of the coast of Erance, and 
Philippi, Grube, Oscar Schmidt, and others were 
continuing in the Mediterranean and the Adriatic 
the work so well begun hy Donati, Olivi, Jlisso, 
Delle Chiage, Poli, and Cantraine ; while Desliayes 
and Lacaze Duthiers illusti’ated the fauna of the 
coast of Algeria. So much progress had already 
been made at home and abroad, that in the year 
1854 Edward Eorhes' considered that the time had 
arrived for giving to the public, at all events a pre- 
liminary shctch of the fauna of the European seas 
— a work which he commenced, hut did not live to 
finish. 

I need scarcely say that these operations of the 
British Association dredging committees wore carried 
on generally under the idea that at the 100-fathom 
line, hy which amateur work was practically limited, 
they approached the zero of animal life — a notion 
which was destined to he gradually undermined and 
finally completely overthrown. Erom time to time, 
however, there were not wanting men of great skill 
and experience to maintain, with Sir James Clark 
Boss, that “ from however great a depth we may he 
enabled to bring up the mud and stones of the bed 
of the ocean, we shall find them teeming with animal 
life.” Erom the very general prevalence of the 
negative view there was little to stimulate to the 
investigation of the bottom at great depths, and data 
gathered very slowly. 

I have already referred (p. 18 et infra) to the 
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observations of Sir John Eoss in 1818, of Sir 
Janies Eoss in 1840, and of Mr. Harry Goodsir 
in 1845. In the year 1844 Professor Loven con- 
tributed a paper, “on the bathymetrical distribu- 
tion of submarine life on the northern shores of 
Scandinavia,” to tlie British Association. He says, 
“ With us the region of deep-sea corals is character- 
ized in the south by Ocidhw ramea and Terehmtula, 
and in tlic Jiortli by Astrophylon, Ci/hiris, Spatangus 
purpurem of an immense size, all living ; besides Gor- 
goni(S and the gigantic Alcyoniim arboreum, which 
continues as far down as any fislierman’s line can he 
sunk. As to the point where animal life ceases, it 
must he somewlierc, hut with us it is unknown.” ^ 

In 1803 the same naturalist, referring to the 
result of the Swedisli Spitzhergen expedition of 
1801, when mollusca, Crustacea, and liydrozoa were 
brought up from a depth of 1,400 fathoms, expresses 
the remarkable opinion, which later investigations 
appear generally to support, that at great depths, 
wherever the bottom is suitable, “a fauna of tlie 
same general cliaracter extends from pole to pole 
through all degrees of latitude, some of the species 
of the fauna being very widely distributed.” " 

In 1840 Keferstein mentions having seen in Stock- 
holm a whole collection of invertebrate animals— 
Crustacea, phascolosoma, annelids, spatangus, myrio- 
trochus, sponges, hryozoa, rliizopoda, &c. — taken at 
a depth of 1,400 fathoms during 0. Torell’s Spitz- 

* Eeport of the Fourteenth Meeting of the Dritish Association, held 
at York in September 1844. (Transactions of the Sections, p. 50.) 

^ Forh. ved do Skand. Naturforskeres Miido i Stockholm, 18G3, 
p. 384. 
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bergen expedition in the ‘Maclean nets,’ and in 
the same year 0. Torell alludes to one of the crus- 
taceans from that depth being of a bright colour.^ 

In 184G Captain Spratt, R.N., dredged at a depth 
of 310 fathoms forty miles cast of Malta a number 
of mollusca which have been subsequently examined 
by Mr. Gwyn Jelfreys and found to be identical 
with species dredged at considerable depths in the 
northern seas during the ‘Porcupine’ expedition. 
The list includes Leda pellucida, Philippi; Leda 
Jeppeeys ; Dentalkmi agile, Saks; llela 
tenella, Jeffreys; ‘EuUma stenoslonia, Jeffreys; 
Trophon barvicensis, Johnston ; Fleurotoma cari- 
natum, Eivona; and Philine quadrata, S. V. M^oon. 
Captain Spratt observes that he “believed animal 
life to exist much lower, although the general 
character of the vEgcan is to limit it to 300 
fathoms.” ^ 

In 1850 Michael Sars, in an account of a zoolo- 
gical excursion in Pinland and Lolfoten, expressed 
his conviction that there is a full development of 
animal life at considerable depths otf the Norwegian 
coast. He enumerated nineteen species taken by 
himself at depths beyond 300 fathoms, and pointed 
out that two of these were the largest species 
known of their respective genera." 

^ Nacliriclitcii der Kdnigl. Gesellsch. der Wissensch. zu Gottingen. 
Marz 1846. 

^ On the Influence of Temperature upon the Distribution of the 
Fauna in the yFgean Sea. Eeport of the .Eighteenth Meeting of the 
British Association, 1848. 

3 Beretning om en i Sommeren, 1849, foretagen zoologisk Eeise i 
Lofoten og Finmarken. Chrhtiania, 1850. 
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I have referred likewise (p. 26) to Professor 
Pleeming Jenkin’s notes on the living animals 
attached to the Mediterranean cable at a depth of 
1,200 fathoms, and to the results of Dr. Wallich’s 
special investigations on hoard H.M.S. ‘Bull-dog.’ 

In a general review of the progress of knowledge as 
to the conditions of life at great depths, these investi- 
gations deserve special notice, as, even if they must 
still be regarded as somewhat unsatisfactory, tlicy 
distinctly mark a stage in advance. Altliough, from 
the imperfection of the means at liis disposal, Dr. 
Wallich could not bring home • evidence sufficient 
absolutely to satisfy others, he was convinced in his 
own mind from wbat he saw, that living beings high 
in the scale of organization might exist at any depth 
in the ocean; he expounded clearly and forcibly 
the train of reasoning which led him to tliis belief, 
and subsequent events have amply justified his con- 
clusion. The space at my disposal will not allow 
me to quote and discuss Dr. Wallich’s arguments, in 
some of which I thoroughly concur, while from 
others I am compelled to dissent. The facts were 
most important, and their significance increases now 
that they arc fully confirmed and illustrated by ope- 
rations on a large scale. In lat. 59° 27' N., long. 
26° 41' W., a depth of 1,260 fathoms having been 
previously ascertained, “ a new kind of deep-sea dredge 
was lowered ; hut in consequence of its partial failure, 
a second apparatus (namely, the conical cup) was em- 
ployed, fifty fathoms of line in excess of the recorded 
depth being paid out in order to ensure the unchecked 
descent and impact of the instrument at the bottom. 
The dredge had already brought up a small quantity 



272 


THE DEFTm OF THE HEA. 


[chap. vr. 


of unusually fine globigcrina deposit and some small 
stones. The second instrument came up quite full of 
tlie deposit ; but it was neither so free from amorphous 
matter, nor did it contain any of the small stones. 
Adhering, however, to the last fifty fathoms of line, 
Avhieli had rested on the ground for several moments, 
were thirteen ophiocomae, varying in diameter across 
the arms from two to five inches.” Tlie misfortune 
of tliese star-fishes was that they did not go into the 
dredge ; had tliey done so, they Avould at once have 
achieved immortality. Now, of course, wo have no 
doubt that they came from the bottom, hut their 
irregular mode of appearance left, in the condition, 
of knowledge and prejudice at the time, a loophole 
for scepticism. 

In three soundings, including tliat in which the 
star-fislics were obtained, at ],2(50, 1,91. ‘5, and 1,268 
fathoms respectively, “minute cylindrical tubes oc- 
curred, varying from one-eighth to half an inch in 
length, and from one-fiftieth to one-twentieth of an 
inch in diameter. These Averc built up almost ex- 
clusively of very small glohigei-ina shells, and still 
more minute calcareous debris cemented together.” 

. . . . “ The shells forming the outer layer of the 
tubes Avere colourless, and freed of all sarcodic 
matter ; hut the internal SAirface of the tubular 
cylinder Avas lin(^d Avith a delicate yet distinct layer 
of reddish chitine.” ]i)r. Wallich is satisfied that 
these tubes contained some species of annelid. “ In 
a sounding taken in lat. 03° 31' N., long. 13° 45' W., 
in 082 fathoms, a portion of a scrptila-idha five- 
tAA^elfths of an inch in length, and about three- 
sixteenths of an inch in diameter, belonging to a 
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known species, came up in such a condition as to 
leave no room for doubt that it had been broken 
off the rock or stone to which it was adherent by 
tlie sounding-machine, and that tlie animal was 
living; whilst a smaller Serpula and a cluster of 
apparently living polyzoa were adherent to its ex- 
ternal surface. A minute Spirorhis also occurred in 
this sounding. Lastly, from a depth of 415 fathoms, 
Avithin a short distance of the south coast of Iceland, 
a couple of living amphipod crustaceans were ob- 
tained, and a lilamentous annelid about three-quarters 
of an inch in length.” Basing his opinion principally 
upon these facts, Dr. Wallich, in conclusion, submits 
several propositions, the two most im])ortant of which 
may bo said to anticipate the more remarkable results 
of our subsequent work. As the others are merely 
founded upon what I conceive to be a mistaken 
determination of the animal species captured, I need 
not now quote tlumi.* 

“1. The conditions prevailing at great depths, 
although differing materially from those Avhich pre- 
vail at the surface of the ocean, are not incompatible 
with the inaiutenanee of animal life. 

• ^ ^ ■% * 

“ f). The discovery of cacu a single species, living 
normally at great depths, Avarrants the inference that 
the deep sea has its own special fauna, and that it has 
ahvays had it in ages past ; and hence that many 
fossiliferous strata heretofore regarded as having been 

' And SCO I’rofessoi' fSars’ ‘ Bemcerkninger over det dyrisko Livs 
Udbredniiig i Havels I^ybder, ined sierligt Heiisyn. til et af. Dr. 
Wallich i London niylig udkommet ykrift, “ The North Atlantic Sea- 
bed.”’ (Vidensk.-Selsk. Fothandlinger for 1SC4.) 

T 
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deposited in comparatively shallow water, have been 
deposited at great depths.”^ 

In 18Gt, Professor Sars made a great addition to 
his list of species from depths of from 200 to 300 
fatlioms otf the coast of Norway. lie remarks : — 
“ The species of animals named are not certainly very 
nnmcrous (92), yet when we consider that most of 
them were taken accidentally, attached to the lines 
of the fishermen, and that only in a few instances the 
dredge was used at these great depths, it will be seen 
tliat there is a very interesting field here for the 
Naturalist furnished with the proper instruments.” 

In 1808 Professor Sars made a still further addi- 
tion to the deep-sea fauna of the Norwegian Seas; 
an addition so important, that he remarks “that it 
is so great as to give a tolerably complete idea of 
the general fauna of these coasts.” This increase of 
knowledge, Professor Sars states, is almost entirely 
due to tlie indefatigable labours of his son, G. O. 
Sars, an Inspector of Eisheries under the Swedish 
Government, who took advantage of the opportuni- 
ties given by his occupation to dredge down to 450 
fatlioms on some parts of the coast, and among the 
Loflbten Islands. Sars likewise acknowledges many 
contributions from his old fellow-labourers, Danielssen 
and Koren. The number of species from depths be- 
tween 250 and 450 fathoms on the coast of Norway 
now reaches 427, thus distributed : — 

Species. 

G8 
5 


^ North Atlantic Sea-bed, p. 154. 
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C(r-lcnterata. . . 

■ ] 

Hydrozoa 

Anthozoa 

Species. 

2 

20 

~ 22 


1 

Crinoidea 

2 

Echinoderniata . . 

] 

' 

Asteridea, including Ophiuridea . 

21 


Echinoidea 

5 


1 

Holotliuridea 

8 




36 

Vermes .... 

■ { 

GepLyrea 

Annelida 

6 

r)i 

— 57 


1 

Polyzoa 

Tunicata 

35 

4 

Mollusca . . . 

) 

• ^ 

P>racliiopoda 

4 



1 Conchifera 

37 


1 

^ Ccphalophora 

53 

— 133 

Arthropoda . . . 

f Araclinida 

( Crustacea 

1 

105 


106 


Of these 24 protozoa, 3 cchinoderms, and 13 mol- 
lusca are from a depth of 450 fathoms. Professor 
Sars adds ; “ Wo may say, according to our present 
information, tliat the true deep-water belt commences 
at about 100 fatlioms. The greater number of deep- 
sea species begin to appear then, though sparingly, 
and they increase in number of individuals as we 
descend to 300 fathoms, or in some cases to 450, 
when investigations have been carried so far. To 
what depth this belt extends, or whether there is 
another below it of a dilicrent character, is not yet 
known.” * 

In the year 1864, M, Barboza du Bocage, Director 

* Fortsatto Bemairlininger over det dyriske Livs Udbrcdniiig i 
ITavots Dybder, af M. Sara. ('Vidensk.-Selsk. Forhandliiigcv for 
1868 .) 
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of the Natural History Museum of Lisbon, greatly 
surprised the zoological u'orld by a notice of the 
occurrence on the coast of Portugal of whisps of 
silicioLis spicules resembling tliose of the JSya- 
lonema of Japand They were brought up by the 
Sctubal shark-lishers, who, it seemed — -an equally sin- 
gular circumstance — plied their vocation at a depth 
of 600 fathoms. Professor Perceval VATdght, anxious 
to ascertain the full liistory of the case and to 
get llyalotiema iii a fresh state, went to Lisbon 
in the autumn of 1808, and with the assistance of 
Professor du Bocage and some of his friends procured 
at Setubal an open boat and a crew of eight men, 
with “ 600 fathoms of rope, the dredge, lots of hooks 
and bait, and provisions for a couple of days. Leav- 
ing the port of Sctubal a little before five o’clock in 
the evening, wc, after a fair night’s sailing, reached 
what the fishermen signed to me to he the edge of 
the deep-sea valley, where they were in the habit 
of fishing for sharks, and there, while thus engaged, 
they had found the Myalonema. It was now about 
five o’clock in the morning ; and tlie men, having had 
their breakfast, put the boat up to the wind, and let 
down the dredge ; before it reached the bottom, about 
480 fathoms of rope were run out, some thirty more 
were iillowcd for slack, and then ^VG gently drew it — 
by hoisting a small foresail— for the distance of about 
a mile along the bottom. It required the united 
efforts of six men, hauling the line hand over hand, 
with the assistance of a double pulley-block, to pull 
in the dredge : the time thus occujned was just an 

^ I’toceedings of the Zoological Society of London for the Year 
1861, ]). 265. 
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hour. The dredge was nearly full of a tenacious 
yellowish mud, through which sparkled innumerable 
long spicules of the Eyalonema ; indeed, if you drcAv 
your fingers slowly through the mud, you would 
thereby gather a handful of these spieules. One 
specimen of Ilijalonoma, with tlie long spicules in- 
serted into the mud and crowned Avith its expanded 
sponge-like portions, reAvarded my first attempt at 
dredging at such a depth.” ' This dredging is of 
especial interest, for it shows that althongli difficult 
and laborious, and attended Avith a certain amount of 
risk, it is not impossible in an open boat and with 
a crew of alien fishermen, to test the nature of the 
bottom and the character of the fimna, ewen to the 
great depth of 500 fathoms. 

In the year 1808, Count L. T. de Pourtales, one 
of the otficers employed in the United States Coast 
Survey under Professor Pierce, commenced a scries of 
deep dredgings across the gulf-stream oif the coast of 
Plorida ; which AA^ere continuial in tiu! following year, 
and were productive of most valuable vcsaaIIs. iVlany 
important memoirs at the hands of CoAint Pourtales, 
Mr. Alexander Agassiz, Mr. Theodore Lyman and 
others, have since enriched the pages of the Bulletin of 
the Museum of Comparative Zoology, and have greatly 
extended our knoAvledgc of the deep-sea gulf-stream 
fauna ; and much information has been gained as to 
the nature of the bottom in those regions, and the 
changes Avhich are there taking jilacc. Unfortunately 
a large part of the collections Avere in Chicago in the 

* Notes on Deep-sea Dredging, by lul\v<ard Perceval AVright, M.l)., 

P.L.S., from Iho finnals and Magazine of JCatural History for 
December 
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hands of Dr. Stimpson for description at the time 
of the terrible catastrophe which laid a great part 
of that city in ashes, and were destroyed ; but, by 
a singularly fortunate accident, our colleague Mr. 
Gwyn Jeifreys happened to be in Chicago shortly 
before the fire, and Dr. Stimpson gave him a scries 
of duplicates of the mollusca for comparison with 
the species dredged in the ‘ Porcupine,’ and a valu- 
able remnant was thus saved. M. do Pourtales, 
writing to one of the editors of Silliman’s Journal 
on the 20th of September, 1808, says : “ The dredg- 
ings were made outside the llorida reef, at the 
same time as the deep-sea soundings, in lines ex- 
tending from the reef to a depth of about 400 to 
600 fathoms, so as to develop the figure of the 
bottom, its formation and fauna. Six such lines 
Avere sounded out and dredged over in the space 
comprised between Sandy Bay and Coffin’s Patches. 
All of them agree nearly in tiie following particu- 
lars : from the reef to about the 100-fathom line, 
four or five miles off, tlie bottom consists chiefly 
of broken shells and very few corals, and is rather 
barren of life. A second region extends from the 
neighbourhood of the 100-fatliom line to about 300 
fathoms; the slope is very gradual, particularly 
between 100 and 200 fathoms ; the bottom is rocky, 
and is inhabited by quite a rich fauna. The breadth 
of this band varies from ten to twenty miles. The 
third region begins between 250 and 300 fathoms, 
and is the great bed of foraminifera so widely ex- 
tended over the bottom of the ocean 

“Prom the third region the dredges brought up 
fewer though not less interesting specimens, the 
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chief of which was a new criuoid belonging to the 
genus Bourguetticrims of D’Orbigny; it may even 
be the species named by him B, hotessieri, which 
occurs fossil in a recent formation in Giiadaloupe, 
but of which only small pieces of the stem are 
known. I obtained half-a-dozen speeimens between 
230 and 300 fathoms, unfortunately more or less 
injured by the dredge. The deepest cast made was 
in 617 fathoms ; it gave a very handsome Mopaen 
and some annelids.” ^ 

The results of the ‘ Lightning ’ eruise in 1868, in 
which dredging was successfully carried down to (560 
fathoms, have already been recorded. 

In the summer of 1870, Mr. Marshall Hall, F.G.S., 
with an interest in science which is unfortunately 
rare among yachtsmen, devoted his yacht ‘Norna’ 
to deep-sea dredging work during a cruise along 
the coasts of Portugal and Spain. If we may judge; 
by several preliminary sketches which have from 
time to time appeared at the hands of Mr. Saville 
Kent, the collections made during this expedition 
must have been extensive and valuable.' 

The last researches in order of time are those 
conducted on board H.M.S. ‘ Porcupine ’ in 1869 and 
1870. With the use of a Government surveying 
ship well found in all necessary appliances every- 
thing was in our favour, and, as has been already 
told, dredging was carried down to 2,435 fathoms ; 

* American Journal of Science, vol. xevi. p. 413. 

'■* Zoological Eesults of the 1870 Dredging E.'cpeditiou of the Yaclit 
‘Norna ’off the coasts of Spain and Portugal, communicated to the 
Biological Section of the British Association, Edinburgh, August S, 
^871. Nature, vol. iv. p. 45(>. 
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and the fact that there is an abundant and charac- 
teristic invertebrate fauna at all depths was placed 
beyond further question. As yet, little more can be 
said. A grand new field of inquiry has been opened 
up, but its culture is terribly laborious. Every haul 
of the dredge brings to light new and unfamiliar 
forms — forms which link themselves strangely with 
the inhabitants of past periods in the earth’s history ; 
but as yet wo have not the data for generalizing the 
deep-sea fauna, and speculating on its geological 
and biological relations ; for notwithstanding all our 
strength and will, the area of the bottom of the 
deep sea which has been fairly dredged may still 
be reckoned by the square yard. 
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APPENDIX A. 


0?ie of the Dredging Papers issued hy the British Association 
Committee^ filled up hy Mr, Mac Andrew, 


DREDGING PAPER No. o. 

Date. — 7th of June, 18 W. 

Locality . — Off Mjiltii. 

Depth . — 40 hitliotns. 

Distance from Shore. -I to 2 miles. 
Gro^md . — Sand and stones. 

Region — 


Species obtained. 


No. of living Ko. of dead 
specimens. ^ speeJmens, 

! 


Observations 


Dentaliuni dentalis .... 
„ rubescens, or fissura 


Numerous. ; 


1 


tarentinum, var. (?) 


1 


Caecum trachea 

Ditrupa coarctata, or stran- } 
gulata ) 


Sever<il. 


ff ff }i ff j} 

Corbula nucleus 

Neaera cuspidata . . . . . 

„ costulata 

Pandora obtusa ' 

Psammobia ferroensis ... I 

Tellina distorta j 

„ balaustina .... 

„ serrata j 

„ depressa | 

Syndosmyatenuis?(prismatica?) , 
Venus ovata ' 

I 


Several, 

1 

2 

3 


! 2 


2 


• 1 and valves, 
i 2 and valves. 

j Valves. 

: 1 and valves. 

I 1 and valves. 
; 1 valve. 

I Valves. 

I Valves. 


( Striated Avith an 
< undulated ap- 

( pearaiice. 


/ With a notched 
\ apex. 
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Species obtained. 

No. of living 
speciiiiciis. 

No. of dead 
speoinieiis. 

Observations. 

• 



( Sulcated to the 

Astarte incrassata 1 ... . 

8 

. - . 

< margin, some of 




( them radiated. 

Cardiuin papillosum .... 

1 



,, iiiiniiuuin .... 

1 



„ lajvioaturu .... 


Valve. 


Canlita s({uainosa 

5 



Luoina spinifora 

5 



J3iplo(loiita rotundata . . . 


1 valve. 


Modiola barbata 

1 



Nucnla iiiiclous 

Several. 



Leda cmar^inata ..... 

8 



„ striata 

4 



Area tetra^ona 

8 



„ autiquata 


1 valve. 


Pectunculiis j^dyciiuevis . . . 


1 and valves. 


Lima subauriculata .... 


Valves. 


Pccten jacobmus 


Valves. 


„ gibbus 

• • * 

Valves. 


„ polymorphus .... 


Valves. 


„ tosije 

1 



„ siiiiilis 


Valves. 


„ siileatiis 

... 

1 and valves. 


Aiiomia patellifornds . . . 

1 



Piloopsis liuiigaricus . . . 


1 


Bulla lignaria 


1 


„ craiichii 


2 


„ hydatis 


4 


„ striatula 


1 


Rissoa bruguieri 


! 3 


„ ca,rinata (costata) . . 


2 





( Longer, destitute 

„ acuta, var 


5 

< of ribs, one 




( very large. 

„ desiiiarestii .... 

i 

3 



i 

A 

( Like cimex, but 

» V .... 

1 


\ minute. 

Natica niacilonta 

2 



Euiima polita 

... 1 

1 


„ distorta 

i 

1 


Clienmitzia varicosa .... 

1 

4 

Imperfect. 

„ elegantissima . . 


4 


„ indistincta (1) . . 

... 

2 


9) 99 • • 

... 

3 


Euliniella acicula 

1 



Trochus tenuis, or dubius . . 


1 


„ magus. 

Several. 



„ montagui .... 

... 

1 
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Species obtained. 

No. of living 
.speriincus. 

No. of (lead 
spoc'iinoiis. 

Trochiis moiitagui 


Several. 

V .... 


Several. 

Turritella terebra 

Few. 


„ tricostalis .... 

1 


Cerithuiii vulgatiiiii, var. . . 


1 

„ reticulatiim . . . . 


Several. 

?) ‘ ' i 


£ 

Fusus muricatus 1 

i 


)> 

1 


Pleurotoma naiium .... 

1 


„ sccaliimm . . . 

1 


Murex tetrapterus .... 


' ‘2 

Cheiiopiis pes-pelecaiii . . . 

i *l' 


Baccinum ? 

1 


Mitra ebeiiea 


1 

O O 

1 


Bingiciila auriculata .... 

1 ... 

0 

Marginella secalina .... 

! 3 

' 4 

„ dandestina . . . 

; Several. 

Several. 

Oyi)nea pulex 


2 

(hdaris hystrix 

; 3 

i 

Zoophytes 

j 


Algfo 

1 

1 



0\)ScivatioTi». 


Siiuill. 


White. 

i Tlii.s s])ccie.s at 
j (iibraltiir. 


{ Briglit oraiiije 
colour, handed, 
small, striated. 


J 



CITAPTEE VII. 


DEEP-SEA TEMPEPATUJtES. 


Ocean Currents and their ^^eneral Effects on Climate.- -Determination 
of Surface Temperatures. — Deep-sea Thermometers. — The ordinary 
Self-registering Thermometer on Six^s principle. — The Miller- 
Casella modification. — The Temperature Observations taken during 
the Three Cruises of If.M.S. ‘Porcupine ’ in the year 1869. 

Appendix A. — Surface Temperatures ohscu’ved on l)oard IF.^TS. 

‘Porcupine’ during the Summers of 1869 and 1879. 

Appendix P>. — Temperature of the Sea at different Depths near the 
Eastern iMargin of the JSTorth Atlantic Easin, as ascertained by 
Serial and by Bottom Soundings. 

Appendix C. — Comparative Ptiit(*s of Pcduction of Temperature with 
Increase of De[)th at 'I'hree Stations in dilferent Latitudes, all of 
them on the Eastern Margin of the Atlantic Basin. 

Appendix D. — Temperature of the Sea at different Depths in the 
Warm and Cold Areas lying between the North of Scotland, 
the Shetland Islands, and the Pmroc Islands; as ascertained by 
Serial and Bottom Soundings. 

Appendix E. — Intermediate Bottom Temperatures showing the Inter- 
mixture of Warm and Cold Currents on the Borders of the 
Warm and Cold Areas. 

If the surface of this world of ours wore one 
uniform shell of dry land, other circumstances of 
its central heat, its relation in position to the sun, 
and to its investing atmospheric envelope, remaining 
the same, some zones would present certain pecu- 
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liaritics in temperature, owing to tlie mixture of 
hot and cold currents of air ; l)ut in the main, iso- 
thermal lines, that is to say, lines drawn through 
places having the same mean temperature, would 
coincide with parallels of latitude. A glance at any 
isothermal chart, whether for the whole year, for 
summer, for winter, or for a single month, Avill show 
that this is far from being the case. The lines of 
equal temperature deviate CA^erywhere, and often 
most widely, from their normal parallelism Avith the 
parallels of latitude and Avith each other. A glance 
at the same chart Avill also show, that AAdiile there 
is an attempt, as it were, on the part of the iso- 
thermal lines to maintain their normal direction 
through the centre of great continents, the most 
marlced curves, indicating the widest extensions of 
uniform conditions of temperature, are Avhere there 
is a wide stretch of open sea extending through 
many degrees of latitude, and consequently includ- 
ing very different climatal conditions. 

The lands bordering upon the ocean partake in 
this general diffusion of heat and amelioration of 
climate, and hence avc have the difference between 
eontineiital and insular climates — the former giving 
extremes of summer heat and winter cold, and the 
latter a much more uniform tcm])erature, somcAA'hat 
below the normal tenqx'raturi' Avithin the trojnes, 
and usually greatly above it beyond tbeir limits. 

The islands of Ireland and Great Britain and the 
Avest coast of the Scandinavian peninsula arc in- 
volved in the most extreme system of abnormal 
curves which we have in any of the ocean basins ; 
and to this peculiarity in the distribution of tern- 
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perature in the North Atlantic we are indebted for 
the singular mildness of our winter climate. The 
chart PI. VII., the general result reduced from many 
hundreds of thousands of individual observations, 
gives the distribution of the lines of equal mean 
temperature for the surface of the North Atlantic 
for the month of July; and it will be seen that 
the isotherms, instead of passing directly across the 
ocean, form a series of loops widening and flatten- 
ing northwards, all participating in certain secondary 
deflections which give them a scalloped appearance, 
but all of them primarily referred to some common 
cause of the distribution of heat, having its origin 
somewhere in tlie region of the Straits of Plorida. 

These peculiarities in the distribution of tempera- 
ture on the surface of the sea may usually be very 
immediately traced to the movement of bodies of 
water to and from regions where the water is exposed 
to different climatal conditions; — to warm or cold 
ocean currents, which mahe themselves manifest like- 
wise by their transporting power, their effect in 
speeding or retarding vessels, or diverting them from 
their courses. Frequently, however, the current, 
although possibly involving the movement of a vast 
mass of Avater, and exerting a powerful influence 
upon climate, is so slow as to be imperceptible; its 
steady onward progress being continually masked 
by local or variable currents, or by the drift of the 
prevailing winds. 

The Gulf-stream, the vast ‘ warm river ’ of the 
North Atlantic, which produces the most remark- 
able and valuable deviations of the isothermal lines 
which we meet with in any part of the world, is in 
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this way imperceptible by any direct effect \ipon 
navigation beyond tbe 46tb parallel of north latitude, 
a peculiarity which has produced and still produces 
great misconceptions as to its real character. 

The mode of determining the surface temperature 
of the ocean is sufficiently simple. A bucket is 
let down from the deck of the vessel, dashed about 
for a little in the water to equalize the temperature, 
and filled from a depth of a foot or so below the sur- 
face. The temperature of the water in the bucket is 
then taken by an ordinary thermometer, whose error 
is known. A common thermometer of the ICow 
Observatory pattern graduated to Eahrenheit degrees 
can be read with a little practice to a quarter of a 
degree, and a good-sized centigrade thermometer to 
a tenth. Observations of surface-temperature are 
usually made every two hours, the temperature of 
the air being taken with each observation, and the 
latitude and longitude noted at noon, or more fre- 
quently by dead reckoning if required. 

Every observation of tlie surface-temperature of 
the sea taken accurately and accompanied by an 
equally exact note of the date, tlie geographical 
position, and the temperature of the air, is of value. 
The surface observations taken from II.M.S. ‘Por- 
cupine’ during her dredging cruise, in the summer 
of 1869, are given in Appendix A. 

The surface-temperature of tlie North Atlantic has 
been the subject of almost an infinite number of such 
observations, more or less accurate. Dr. Petermann, 
in a valuable paper on the northern extension of 
the Gulf- stream, reduces the means of more than a 
hundred thousand of these, and deduces the scheme 
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of curyes which has been used with some slight 
modification in the construction of this chart. 

Until very recently little or nothing has been 
known witli any certainty about the temperature of 
the sea at depths below the surface. This is, however, 
a field of inquiry of very great importance in Physical 
Geography, as an accurate determination of the tem- 
perature at different depths is certainly the besj;, 
frequently the only available means of determining 
the depth, width, direction, and generally the path of 
the warm ocean currents, which are the chief agents 
in the diffusion of equatorial heat; and more espe- 
cially of those deeper indraughts of frigid water 
which return to supply their place and to com- 
plete the general cycle of oceanic circulation. The 
main cause of this want of accurate knowledge of 
deep-sea temperatures is undoubtedly the defective- 
ness of the instruments which have been hitherto 
employed. 

Tile thermometer which has been almost universally 
used for this purpose is the ordinary self-registering 
thermometer on Six’s construction, enclosed in a 
strong copper case, with valves or apertures below 
and above to allow a free current of water to pass 
through the case and over the surface of the 
instrument. Six’s registering thermometer (Pig. 63) 
consists of a glass tube bent in the form of a V, 
one limb terminating in a large cylindrical bulb, 
entirely filled with a mixture of creosote and water. 
The bend of the tube contains a column of mercury, 
and the other limb ends in a small bulb partially 
filled with creosote and water, but with a large 
space empty, or rather containing the vapour of the 
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liquid and slightly compressed air. A small steel 
index, with a hair tied round it to act as a spring 
and maintain the index in any position which it 
may assume, lies free in the tube among the creo- 
sote at either end of the column of mercury. This 
thermometer gives its indications solely by the con- 
traction and expansion of the liquid in the lai’ge full 
bulb, and is consequently liable to some slight error 
from the effect of variations of temperature upon 
the liquids in other parts of the tube. When the 
liquid in the large bulb expands, the column of mer- 
cury is driven upwards towards the half-empty bulb, 
and the limb of the tube in which it rises is graduated 
from below upwards for increasing heat. When the 
liquid contracts in the bulb, the column of mercury 
falls in this limb, but rises in the limb terminating in 
the full bulb, which is graduated from above down- 
wards. When the thermometer is going to bo used tiie 
steel indices are drawn down in each limb of the tube 
by a strong magnet, till tliey rest on each side on 
the surface of the mercury. When the thermometer 
is brought up, the height at which the lower end of 
the index stands in each tube indicates the limit to 
which the index has been driven by the mercury, 
the extreme of heat or cold to which the instrument 
has been exposed. 

Unfortunately, the accuracy of the ordinary Six’s 
thermometer cannot be depended upon beyond a 
very limited depth, for the glass of the bulb wliich 
contains the expanding fluid yields to the pressure 
of the water, and, compressing the contained fluid, 
gives an indication higher than is due to tem- 
perature alone. This cause of error is not con- 

V 
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stant in its action, as the amount to which the 
bulb is compressed depends upon its form and upon 
the thickness and quality of the glass ; thus the 
error of good thermometers of the Hydrographie 
Office pattern varies from T C. to 0. at a pres- 
sure of 6‘817 lbs. on the square inch, representing 
a depth of 2,500 fathoms. In thoroughly well- 
constructed thermometers, however, such as those 
made by Casella and Pastorclli for the English 
Admiralty, the pressure error is tolerably constant ; 
and Captain Davis, ll.N., who has lately conducted 
important experiments on this point, expresses his 
opinion that by an extended series of observations 
a scale might be obtained to correct the ther- 
mometers hitherto in use to a close approximation 
to the truth, and thus utilize to some extent obser- 
vations which have been already made with our 
ordinary instruments. 

In the ‘Lightning’ expedition in 1868 we used 
the ordinary Ilydrographic Office pattern, and a 
large number by different makers were sent with 
us for testing and comparison. The depths not 
being very great, the general temperature results 
eame out well, and were among the most singular 
phenomena which we had to record. Many of the in- 
struments were very Avild at a feiv hundred fathoms, 
and several gave way under the pressure. On our 
return in April 1809, Dr. W. A. Miller, V.P.R.S., 
attended a meeting of the Deep-Sea Committee of 
the Eoyal Society at the Ilydrographic Office, 
and proposed encasing the full bulb in an outer 
covering of glass containing air, in order to permit 
the air to be compressed by the pressure of the 
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water on the outer shell, and thus protecting the 
bulb within. 

Mr. Casella was directed to construct some ther- 
mometers on this plan, only instead of 
being filled with air, the outer shell 
was nearly filled with alcohol unarmed 
to expel a portion of the remaining 
air, and the chamber was then her- 
metically sealed, leaving a bell of air 
and vapour of alcohol to yield to the 
pressure and relieve the bulb within. 

The ‘ Miller - Casella ’ thermometer 
proved so nearly perfection that it Avas 
decided to adopt it in future, and to 
use it as a standard in a scries of 
experiments which were undertaken 
to test the ordinary Six’s thermo- 
meters of the Hydrographic Oflicc 
pattern. We depended upon this 
thermometer alone in our subsequent 
cruises in the ‘ Porcupine,’ and aac 
found it most satisfactory. During the 
summer of 1869 temperature observa- 
tions Avere taken at upAvards of ninety 
stations, at depths varying from 10 to 
2,435 fathoms. Two thermometers, 
numbered 100 and 103 respectively, 

Averc sent down at every station, and 
in no instance did they give the least 
reason to doubt their accuracy. Every 
observation Avas taken by Captain Calver himself, 
the lead with the thermometers attached being in 
every single instance let down by his own hand, 

u 2 


I’Ki. 53. -The Miller- 
Casellii iinxiilicatuin 
biix’s sell-regis- 
tering tbenuonieler. 
Tlie large hull) is 
double, A\ ill) a layer 
of liiiiiid iiiiil a bell 
of A a pour between 
the shelbs, to reljcve 
pre.ssure. 
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and I have always regarded it as a remarkable evi- 
dence of my friend’s cave and skill that he landed 
those two precious instruments at the end of the 
year safe hack at Woolwich. 

Eig. 53 represents the latest im- 
m provements on the Miller- Casella 

modification of Six’s self-registering 
thermometer. The instrument is of 
«H|||P small size, to reduce as far as pos- 

ynli silile the friction in passing through 

I II I the water. The tul)e is mounted in 

||: !|j|l ebonite, to avoid the expansion of a 

1 1 il l '"' 00 den mounting in the water, by 
|lj||i| which the instrument is liable to 
|| ilp g(d jammed in the case. The scale 
lljjlll is of wliite porcelain, graduated to 
Eahrcnlu'it degrees; the large bulb 
||||| I is enclosed in an outer shell three- 
lillllllll fourths filled with alcohol and hcr- 
|:|||'ii"j!j|[ mctically sealed. It is right to 

|||l3 mention that I am informed by 

Sii' EdAvard Sabine that the ther- 
' .Millin', mometers used by Sir John Eoss 

Ciisclhitlieniioiiictcr. The . , . . , 

eii.ls<.flhccascal.(.veai.,l jq AfCtlC VOVa^ ill 1818 WOVO 

below ar<‘ perforatetl to •/ o 

to'illssin'IiyTin.'IuKh!''''^ protccted somewhat on the same 
principle, and that a thermometer 
for resisting pressure was constructed under the 
directions of the late Admiral Eitzroy, at the 
suggestion of Mr. Glaishcr, which differed from 
the Miller-Casclla pattern in little else than the 
outer shell being partially filled with mercury 
instead of alcohol, and in being somewhat less 
compact and more fragile than the latter instru- 
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ment.^ A modification of Pliillips’s maximum ther- 
mometer devised by Sir William Thomson, in which 
the thermometer is entirely encased in an outer 
shell of glass partly filled with alcohol, appears to 
have the smallest error of all. 

A neat modification of Ereguet’s metallic ther- 
mometer Avas designed by Joseph Saxton, Esq., of 
the U.S. Office of Weights and Measures, for the 
use of the U.S, Coast Survey. A riliand of 
platinum and one of silver are soldered Avitli silver 
solder to an intermediate plate of gold, and the 
compound riband is coiled round a central axis of 
brass, with the silver Avitliin. Silver is the most 
expansible of the metals under the inliucnco of 
heat, and platinum nearly tlie least. Gold holds an 
intermediate place, and its intervention between the 
platinum and silver moderates the strain, and pre- 
vents the coil from cracking. The lower end of 
the coil is fixed to the brazen axis, Avhile the upper 

^ In Messrs. iS'egretti and Zambra’s list of meteorological instruments 
published in 1864, a deep-sea thermometer on this plan is mentioned 
(p. 90) ; “ The thermometers constructed for this purpose do not differ 
materially from those usually made under the denomination of Six’s 
thermometers, except in the following most important particulars : — 
The usual Six’s thermometers have a central reservoir or cylinder 
containing alcohol ; this reservoir, which is the only portion of the 
instrument likely to be affected by pressure, has been, in Negretti and 
Zambra’s new instrument, superseded by a strong outer cylinder of 
glass, containing mercury and rarefied air. By this means the portion 
of the instrument susceptible of compression has been so strengthened, 
that no amount of pressure can possibly make the instrument vary.” 
Some obscurity is introduced into this passage by the use of tlie word 
‘ superseded ; ’ but I am assured by Messrs, ^egretti and Zambra that 
in principle this instrument was exactly the same as that devised by 
Professor Miller and constructed by ^Ir. Casella. 
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end is attached to the base of a short cylinder. 
Any variation of temperature causes the coil to 
wind or unwind, and its motion acts to rotate the 
axial stem. This motion is magnided by multiply- 
ing wheels, and is registered upon the dial of the 
instrument by an index which pushes before it a 
registering hand, moving with suficient friction 
merely to retain its place when thrust forward by 
the index hand of the thermometer. The instru- 
ment is graduated by trial. The brass and silver 
portions are thickly gilt by the electrotype process 
to prevent the action of sea-water upon them. The 
box which covers the coil and indicatory part of the 
thermometer is merely to protect it from accidental 
injury, and is open so as to permit the free passage 
of the sea-water. This instrument appears tott^nswer 
tolerably Avell for moderate depths, its error up to 
COO fathoms not greatly exceeding 0°‘5 C. ; at 1,500 
fathoms, however, the en’or rises to 5° C., quite as 
great as that of the unprotected Six’s thermometers, 
and the error is not so constant. It is evident 
that under great pressure little confidence can he 
placed upon instruments which give their indica- 
tions through metal machinery. 

Before H.M.S. ‘ Porcupine ’ started on her summer 
cruise in 1869, a valuable series of experiments were 
made upon the effect of pressure on various register- 
ing thermometers at Woolwich, under the superin- 
tendence of the Ilydrographer and of the Deep-Sea 
Committee of the Boyal Society. The object was to 
subject all the forms of deep-sea thermometers in use 
to pressures in a hydraulic press, equivalent to the 
pressures which they would encounter at different 
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depths in the ocean, to determine the amount and 
sources of error, to ascertain which was the most 
satisfactory instrument, and if possible to construct 
a scale by which the observations hitherto taken 
with ordinary instruments might be roughly cor- 
rected, so as to be made available. As there was 
some difficulty in getting the use of a suitable press, 
Mr. Casella undertook to have a testing apparatus 
constructed at his own place in Hatton Garden, 
capable of producing a pressure of three tons on 
the square inch. 

The results were very interesting.* The first expe- 
riment went to test the value of the various instru- 
ments. A Miller-Casclla thermometer was placed in 
the cylinder with No. 57, a good thermometer by 
Casella, of the ordinary Hydrographic Office pattern, 
and they were subjected together to a pressure of 
4,032 lbs., equal to 1,480 fathoms, with the following 
result : — 


Thermometer. 

Minimum. 

1 Maximum. 

1 

Difference of 
Maximum. 

Before. 

After. 

1 Before. 

After. 


. 1 

2 

8'’- 6 C. 

oc 

Cn 

P 

8'’' G a 

8”- 85 C. 

0”- 25 C. 

57 

8 • <5 

8 • 6 

! 8 • G 

12 • 75 

4 • 15 


That is to say, the temperature remaining the same, 
the pressure forced up No. 57 to 12°‘75 0., and left 
its index there. 


* On Deep SeaThennometere, by Captain J. E. Davis, E.K Nature, 
voL iii. p. 124. Abridged from a Paper read before the Meteorolo- 
gical Society, April 19th, 1871. 
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This experiment at once proved the advantage of 
the encased bulb. It was repeated with other ther- 
mometers with the same pressure and for the same 
period of time, and it was found that while the mean 
dilference of the encased bulbs was only 0°‘95, that of 
the ordinary deep-sea thermometers was, as in No. 57, 
7°'25. It follows, also, from these experiments, that 
very nearly all the difference or error is due to pres- 
sure on the full bulb, and that by encasing that bulb 
we have a nearly perfect instrument. 

The next series of experiments was made to esta- 
blish a scale by which observations by the ordinary 
instruments might be approximately corrected for 
pressure. The following table gives the errors of six 
thermometers at different pressures. The ‘ standard ’ 
is an encased Miller-Casella, the last a register- 
ing minimum thermometer by Casella enclosed 
in a hermetically sealed glass tube on Sir William 
Thomson’s plan. 


Pressure 

in 

Fathoms. 

1 

standard. 

! 

No. 54. 

i 

No. 56. 

i 

o 

1 

No. 73. 

Thomson. 

250 

0 °- 4 C . 

0 °- 8 C . 

1°- 0 c. 

0 °- 7 C . 

0 ”- 8 C . 

0°- 0 c. 

500 

0-4 

1-7 

1*5 

1 • 4 

1-7 

0-05 

750 

0 • 7 

2 • 2 

2-2 

2*3 

2 • 5 

0-0 

1,000 

0*8 

2 • 9 

2-9 

2 • 7 

2 • 7 

0-2 

1,250 

0-9 

3-5 

3-5 

3*5 

4*1 

0-05 

1,500 

0 • 8 

4-3 

4-3 

4*0 

4 - 3 

0-3 

1,750 

0-95 

4-6 

4-9 

4- 7 

5- 7 

0-2 

2,000 

1 • 1 

5-4 

5-5 

5-3 

6*4 

0-3 

2,250 

1 • 1 

6-2 

6-0 

6-0 

6*8 

0-4 

2,500 

1 • 2 

7-2 

6 • 7 

6-6 

7*6 

0*2 


The mean difference for each 250 fathoms in each 
thermometer is as follows : — 
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Thermometer. 

Difference, | 

Standard 

+ O'- 12 0. 1 

54 

+ 0-72 


+0-07 ; 

7G j 

+ 0-65 ! 

73 

+0-76 ' 

Thomson 

+0-03 ' 

! 

i 


During tliese experiments the water in the cylin- 
der Avas of course maintained as far as possible at 
the same — or at a known temperature ; a certain 
amount of calorific effect must, however, be pro- 
duced by the sudden compression of the water, and 
the next series of experiments was performed in 
order to determine the amount of that effect. Three 
of Phillips’s encased maximum thermometers (Sir 
'William Thomson’s design), being entirely protected 
from any effect from compression, were employed for 
this purpose, AAuth the following result : — 


Pressure, G,8171bs. = 2,500 fathoms. 


Thermometer. 

Dilference. 

11,424 

+ 0=- 05 C. 

9,G49 

+ 0-22 

9,G45 

+ 0-11 


so that this source of error is absolutely trifling. 

The true error of the Miller-Casella thermometer, 
as deduced from these observations, is — 

For 250 fathoms 0'^‘079 C. 

For 2,500 fathoms O’-TO C. 
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This, therefore, may be regarded as a perfect instru- 
ment for all ordinary purposes. 

A number of the instruments which had been 
previously tested in the press were sent out in the 
‘ Porcupine ’ on her summer cruise in 1869, and on 
her return the results of Captain Calver’s observa- 
tions at different depths in the ocean were carefully 
compared with the effects of equivalent pressures ap- 
plied to the thermometers in Mr. Casella’s ‘ Bramah’s 
press.’ The result in the ocean, contrary to that in 
the hydraulic pi*ess, proves that the elasticity is not 
regular or in a ratio to the pressure, but that after 
continuiug regular up to a pressure of 1,000 fathoms, 
it decreases in a compound ratio to a pressure of 
2,000 fathoms, when its elasticity nearly ceases. 

Tlie following table gives an abstract of the 
behaviour of Casella’s ordinary Hydrographic Office 
thermometers in the ocean and in the press : — 



Error. 

Pbr 250 B’athom3. 

Pressure. 






Press. 

Ocean. 

Pres.s, 

Ocean. 

Fathoms. 





250 

O”- 72(5 0. 

0°- 738 C. 

O'^' 726 C. 

0 °- 738 C. 

r)()0 

1 • 548 

1 • 504 

0 • 774 

0 • 782 

750 

2 • 123 

2 • 223 

0 ■ 708 

0 • 741 

1,000 

2 • 474 

3 • 015 

0 • 074 

0 • 754 

1,250 , 

3 • 255 

3 • 492 

0 • 651 

0 • 698 

1,500 

4 • 107 

3 • 921 

0 • 684 

0 • 653 

1,750 

4 • 555 

4 • 056 

0 • 650 

0 • 579 

2,000 

5 • .354 

4 • 284 

0 • 669 

0 ■ 536 

2,2.50 

6 • 021 

1 _ 

0 • 669 

— 

2,500 

6 • 817 

j 

1 0-682 

i 

— 


Por taking bottom temperatures at great depths 
two or more of the Miller-Casella thermometers are 
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lashed to the sounding-line at a little distance from 
one another, a few feet above the attaching ring of 
a ‘detaching’ sounding instrument. The lead is 
run down rapidly, and, after the weight has been 
disengaged by contact with the ground, an interval 
of five or ten minutes is allowed to elapse before 
hauling in. The shorter of these periods seems to 
be quite sufficient to insure the instrument acquiring 
the true temperature. In taking serial temperature 
soundings — that is to say, in determining the tem- 
perature at certain intervals of depth in deep water 
— the thermometers are attached above an ordinary 
deep-sea lead, the required quantity of line for each 
observation of the series run out, and the ther- 
mometers and lead arc hove in each time. 'Ibis is 
a very tedious process; one serial sounding in the 
Bay of Biscay, where the depth was 850 fathoms 
and the temperature was taken at every fifty 
fathoms, occupied a whole day. 

I ought to mention that in taking the bottom 
temperature with the Six’s thermometer the instru- 
ment simply indicates the lowest temperature to 
which it has been subjected ; so that if the bottom 
water were warmer than any other stratum through 
which the thermometer had passed, the observation 
would be erroneous. This is only to be tested by 
serial soundings, but in every locality Avhere the 
temperature was observed during the ‘ Porcupine ’ 
expeditions the temperature gradually sank, some- 
times very steadily, sometimes irregularly, from the 
surface to the bottom, the bottom water having been 
constantly the coldest. It is probable that under 
certain conditions in the Polar seas, Avhcrc the sur- 
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face is sometimes subjected to intense cold, warmer 
water may be found below, until the balance is 
restored by convection. This I believe, however, to 
be entirely exceptional; and it may certainly be 
taken as the rule for all latitudes, that if we dis- 
regard the film which is affected by diurnal altera- 
tions, the temperature sinks from the surface to the 
bottom. 

The first important series of deep-water tempera- 
ture observations was made during tlie Arctic voyage 
under Sir John Eoss in the year 1818. On Sept, the 
1st, lat. 73° 37' N., long. 77° 25' W., the temperature 
at the surface being 1°'3 C., the registering thermo- 
meter gave at eighty fathoms 0° C., and at 250 
fathoms - 1°‘ 4 0. On the Gth of September, lat. 
72° 23' N., long. 73° 07' W., the first serial sounding 
on record was taken, the thermometer having been 
let down to 500, 600, 700, 800, and 1,000 fathoms 
in succession, the thermometer showing each time a 
lower temperature and indicating at the greatest 
depth named a temperature of -3°-6 C. On the 
19th of September, in lat. 66° 50' N., long. 60° 30' 
W., another serial sounding was taken, the tempera- 
ture being registered at 100 fathoms — 0°'9 C., at 
200 -l°-7 C., at 400 -2°-2 C., and at 660 fathoms 
-3°-6C. On the 4th of October, lat. 61° 41' N., 
long. 62° 16' W., Sir John Eoss sounded, but found 
no ground in 950 fathoms; at the same time the 
self-registering thermometer was sent down, and the 
temperature of the sea at that depth was found to 
be 2° C., while at the surface it was 4° C., and the air 
at 2°’7 C. I am informed by General Sir Edward 
Sabine, who accompanied Sir John Eoss’s expedition. 
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that these observations were made with registering 
thermometers guarded somewliat in the same way 
as those which we employed in the ‘ Porcupine.’ 
There is almost sufficient internal evidence that the 
mode of protecting these thermometers must have 
been satisfactory, for the temperatures at the greatest 
depths are such as might have been expected from 
Miller-Casella thermometers. Unguarded instru- 
ments would certainly have given higher indica- 
tions. 

The last of the observations quoted, a considerable 
way up Davis’ Strait, is of great interest. The tem- 
perature of the surface of the sea was nearly a 
degree and a half Centigrade above that of the air, 
and the temperature of the water was altogether 
unusually high. It is now well known that at 
certain seasons of the year a very marked extension 
of the Gulf-stream passes into the mouth of the 
Strait. The isotherms for September and July are 
shown on the chart from data kindly procured for 
mo by Mr. Keith Johnston. 

Sir Edward Sabine, in an extract from his pri- 
vate Journal of Sir John lloss’s voyage quoted by 
Dr. Carpenter, ‘ gives a lower temperature than any 
hitherto recorded. He says : “ Having sounded on 
September 19th, 1818, in 750 fathoms, the regis- 
tering thermometer was sent down to 080 fathoms, 
and on coming up the index of greatest cold was 
at 25°-75 Pahrenheit ( — S' S C.), never having known 
it lower than 28° ( — 2°'2 C.) in former instances, even 
at a depth of 1,000 fathoms ; and at other times 

^ Dr. Carpenter’s Preliminary Keport on Deep-Sea Dredgings. Pro- 
ceedings of the Royal Society of London, vol. xvii. p. 186 . 
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Avlicn close to the bottom, I was very eareful in 
examining the thermometer, hut could discover no 
other reason for it than the actual coldness of the 
water,” 

Notwithstanding these observations and several 
others telling in the same direction, — such as those 
of Lieutenant Lee of the U.S. Coast Survey, who 
in August 1847 found a temperature of 2''-7 C. below 
the Gulf-stream, at the depth of 1,000 fathoms, 
in lat. 35° 20' N., and long. 78° 12' W . ; and of 
Lieutenant Dayman, Avho found the temperature 
at 1,000 fathoms, in lat. 51° N. and long. 30° W., 
to be 0°’4 C., the surface temperature being 12°-5 C., 
— the impression seems to have prevailed among 
physicists and physical geographers that salt water 
followed the same law as fresJi water, attaining its 
greatest density at a temperature of 4° C. The 
necessary result of tliis condition, were it to exist, 
is thus stated by Sir John Ilcrschel : “ In very 
deep water all over the globe a uniform temperature 
of 39° Fahrenheit {4° C.) is found to prevail ; while 
above the level where that temperature is first 
reached, the ocean may be considered as divided 
into three great regions or zones — an equatorial and 
two polar. In the former of these warmer, and in 
the latter colder Avater is found on the surface. The 
lines of demarkation arc of course the two isotherms 
of 39° mean annual temperature.” Dr. Wallich 
gives an excellent resume of this curious fallacy. 
He says : “ But whilst the temperature of the atmo- 
sphere beyond the line of perpetual eongelation goes 
on gradually increasing, that of the water beloAV the 
isothermal line remains constant to the bottom. 
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Were it not for the operation of the law on which 
the latter phenomenon depends, the entire ocean 
would long since have become solidified, and both 
sea and land rendered unfit for the habitation of 
living organisms. Unlike other bodies which ex- 
pand and become lighter Avith every rise in tempera- 
ture, water attains its maximum density, not under 
the loM'cst degree of cold, but at S Eabrenheit; 
and consequently so soon as tlie superficial layer 
of sea is cooled down to this degree, it descends, 
and allows a fresh portion to ascend and be in 
turn cooled. This process is continued until the 
whole upper stratum is reduced in temperature to 
39°'5', when, instead of contracting further, it begins 
to expand and got lighter than the water beneath, 
floats on it, becomes further cooled down, and at 
28°'5 is converted into ice. . . . Thus under the 
operation of an apparently exceptional laAV, the 
equilibrium of the oceanic circulation is maintained ; 
for whilst at the equator the mean temperatnre of 
the surface layer of Avatcr, which is 82°, gradually 
decreases, until at a depth of 1,200 fathoms it be- 
comes stationary at 39°'5, and retains that tempera- 
ture to the bottom, within the Polar regions and 
extending to lat. 50° 25' in either hemisphere, the 
temperature increases from the surface downwards 
to the isothermal line, beyond Avhich it remains 
uniform as in the former case. Hence in lat. 50° 25' 
the temperature is uniform the whole way from the 
surface to the bottom ; and as has been found liy 
observation about lat. 70°, the isothermal lino occurs 
at 750 fathoms below the surface.” * 

1 Dr. Wallich: North Atlantic Sea-bed, p. 99. 
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There can bo no doubt that this view, which of 
late years has received almost universal acceptance, 
is entirely erroneous. It has been shown by M. 
Despretz,^ as the result of a series of carefully con- 
ducted experiments which have since been frequently 
repeated and verified, that sea-water, as a saline 
solution, contracts and increases steadily in density 
down to its freezing-poitit, Avhich is, Avhen kept 
perfectly still, about -3° ‘67 C. (25°’4 P.), and when 
agitated - 2"'55 C. 

The temperature observations of Sir James Clarke 
Ross during bis Antarctic voyage in 1810-41, 
seemed to give svipport to the theory of a constant 
temperature of 4°'5 C. for deep water, but these obser- 
vations have as evidently been made with unguarded 
instruments, as those of Sir John Ross in 1818 with 
instruments defended from pressure ; and although 
I believe they must be taken as proving that in 
high southern latitudes the surface temperature is 
sometimes lower than the temperature of the water 
at a considerable depth beneath, still the amount of 
correction for pressure is uncertain, depending upon 
the construction of the thermometers used, and in 
any case it must reduce the difference considerably. 

A large number of thermometers of the ordinary 
Hydrographic Office pattern were sent out with us, 
as I have already mentioned, in the ‘ Lightning,’ 
and these were of course the instruments used by 
Staff-Commander May for his temperature obser- 
vations. There was an opportunity of testing these 
thermometers, hoAvever, on the return of the vessel, 

1 Recherclies sur le Maximuin de Den8it6 des Dissolutions aqueuses. 
Loc. cit. 
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SO that we are tolerably certain by actual experi- 
ment of the amount of their error. In speaking; 
of the ‘ Lightning ’ temperatures, I mean, tliereforc, 
the actual temperatures taken by tlie ordinary tlier- 
mometers, corrected approximately to tlie standard 
of the Miller-Caselia thermometers, afterwai'ds used 
in the ‘ Porcupine.’ 

Leaving Stornoway in the ‘Lightning,’ on the 
11th of August, 18G8, and directing our course 
towards the Pieroe hanks, we sounded in 500 fathoms 
about 60 miles to the north-west of the Butt 
of the Lews, and took a bottom temperature of 
9°‘4 Cent, with the ordinary Six’s tlicrmometer — 
the only form of the instrument in use at the tinu'. 
This, when corrected for pressure, gives about 7°'8 C. 
We were surprised to find the temperature so high, 
and we were at the time inclined to think that tlie 
observation, which \vas taken in a breeze of wind, 
was scarcely to ho depended upon. Subsequent 
observations, however, in the same locality, con- 
firmed its accuracy. On the Eacroc Banks, at a 
depth under 100 fathoms, the bottom temperature 
averaged 9“ C., while that of the surface was about 
12“ C. ; temperature indications on this bank were, 
however, of little value, as the Avater is no doubt 
attected to some extent through its entire dejith by 
direct solar radiation. The next observation was 
in lat. 60° 45' N. and long. 4° 49' W., at a depth 
of 510 fathoms, Avith a bottom temperature of 
— 0°'5 C., about 140 miles nearly directly north 
of Cape Wrath. Then followed a series of sound- 
ings, Nos. 7, 8, 10, and 11 of the chart (Plate 1 ), 
taken Avhilc traversing the northern portion of the 

X 
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cliaimel l)ot\vecu Scotland and the Ihcvoo ])lateau; 
and givin;^, respectively, the teinpevat\ircs of — l°'l, 
— V‘2, — 0'’'7, and — O' i) C. No. 9, with a depth of 
179 fathoni.s and a temperature of 5'’ C., is excep- 
tional; it is apparently the toj) of a circumscribed 
rid^e or l)ank. We dredged at this station and got 
largo numbers of tlic rare and beautiful Teyabratula 
cranium ; but when wo tried for the same spot in the 
following year in the ‘ Poreupinc,’ we could not find 
it. On the (5th of Seph'mher we sounded and took 
temperatures in lat. 59'’ 3(5' N., long. T 20' AV., in 
5)30 fathoms, when the mean of three thermometers, 
wliieh only diltVn'cd from one another by about ‘3 
ot^ a dcgr(;e, gave a bottom temperature of 0 •-! C. 
A t(miperatui*(^ sounding, at the moderate depth of 
.189 fathoms, was taken on tlie morning of the 7th 
Septeniher in la,t. 5)9 5)' N., long. 7’ 29' AY’'., and 
gave a hottom tein[)eratnre of !) ’(5 C. Tlie three 
soundings. Nos. 13, It, and 17, at the depths 050, 
5)70, and (529 fathoms, <>xtending into the North 
Atlantic as far Avestward as long. 12’ 30' AY"., gave 
a bottom temperature of 5 '8, (5’- 1., and (5’(5 C., 
res[)eetively. 

The general result of these observations we could 
not hut n'gard as vc'ry nnnarkahle. The region 
Avhieh we had somewhat imperfectly examined in- 
cluded, in the first ])laee, the channel about a couple 
of liundred miles in Avidth, Avith an extreme depth 
of rather under 000 fathoms, extending helAveen tlie 
northern houndary-linc of the British plateau and 
the shoal Avhich culminates in the Pferoc Islands 
and tluiir extensive! banks; and secondly, a small 
portion of the North Atlantic extending Avestwards 
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and northwards of the western entrance of the channel. 
We found that in these two areas, freely communi- 
cating with one another and in immediate proximity, 
two totally different conditions of climate existed at 
all depths below the immediate surface, where they 
differed hut slightly. In tlio Pteroe channel, at a 
de2)tli of 500 fathoms, the bottom temperature aver- 
aged — 1°'0 C., while at a like depth in the Atlantic 
the minimum index stood at 4- 0“ C., a difference of 
7 degrees Centigrade, nearly 13 degrees Fahrenheit. 

The conclusion at which we speedily arrived as 
the only feasible exi)lanation of these phenomena 
was that an arctic stream of frigid water crept from 
the north-eastward into the Pieroe channel lying in 
the deeper part of the trough, owing to its higher 
sj)ecific gravity ; while a body of water warmed even 
above the normal temperature of the latitude, and 
thci’eforc coming from some soutlicrn source, was 
])assing northwards across its western entrance and 
occupying the whole dei)th of that eomjiaratively 
shallow j)ortion of the Atlantic from the surface to 
the bottom. 

Several important facts of ATry general apjdiea- 
tion in Physical Gcogra2)hy had been iilaeed beyond 
doubt by these observations. It had been shoAvn 
that in nature, as in the experiments of AT. Despri'tz, 
sea- water does not share in the iieculiaritii's of fresh 
Avatci’, Avhich, as has been long knoAvn, atlains its 
maximum density at 4" C. ; but, like most otlu'r 
liquids, increases in density to its freezing-point : and 
it had also been show n that, OAving to the inoAa'incnt 
of great bodies of Avater at ditferent temperatures 
in dilferent direct imis, avo may hav(* in close [iroxi- 

X 2 
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mity two oc^n areas with totally different bottom 
climates — a fact which, taken along with the dis- 
covery of abundant animal life at all depths, has 
most important bearings upon the distribution of 
marine life, and upon the interpretation of palaionto- 
logical data. 

The conditions during the ‘ Lightning ’ cruise were 
so unfavourable to careful observation, that we deter- 
mined to take the earliest opportunity of going over 
this region again, and determining the limits of these 
warm and cold areas, and investigating their con- 
ditions more in detail. Accordingly, in the follow- 
ing year, when we had H.M.S. ‘ Porcupine ’ at our 
disposal. Dr. Carpenter and T once more left Storno- 
way on the 15th of August, 18G9. On this ocQjasion 
we had everything in our favour ; the weather was 
beautiful, the vessel suitable, and wo wore provided 
with Miller-Casella thermometers on whose accuracy 
we could depend. A table of Captain Calver’s valu- 
able thermometrical observations during this cruise 
is given in Appendix A to this chapter. 

We proceeded to very nearly the same spot where 
we had taken our first sounding on the former year, 
and took a warm area temperature of 7°‘7 C. Station 
No. 46 (Plate IV.). We then moved on slowly 
towards the Fabroe fishing banks, finding in succes- 
sion at Stations 47, 49, and 60, — 6°’5, 7°’6, and 7°'9 C. 
At Station 61, about 4.0 miles south of the bank, 
there was a decided fall of temperature — the ther- 
mometer indicating 5° 0 C. at a depth of 440 fathoms; 
and about 20 miles dii’cctly northwards a sounding 
at Station 62, lat. 60° 25' N., long. 8° 10' W., at a 
depth of only 380 fathoms, gave a minimum tern- 
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perature of - 0°-8 C., showing that vfi had passed 
tlie boundary, and were in the ‘cold area.’ 

At this point we requested Captain Calver to take 
a serial sounding, ascertaining the temperature at 
depths progressively increasing by 50 fathoms, which 
was done with the following result : — 


Surface 
^ 50 fathoms 


100 

150 

200 

250 

300 




384 (Bottom) 


SO, 
0 • 2 
8 • i 
8 • 0 
7 * 5 
3 • 5 
0 • 6 
0 • 8 


f|V‘d'%hus ascertained that the minimum tempera- 
ture was at the bottom; and this avc have found to be 
uruversally the case over the wliole of the area which 
wc have examined, whatever the bottom temperature 
might be. And wc also ascertained that the decrease 
in heat from the surface downwards was by no means 
uniform, but that while after passing the surface 
layer it was tolerably regular for the first 200 
fathoms, there was an extraordinary fall amounting 
to upwards of T C. from 200 to 300 fathoms, at 
which latter depth the minimum is nearly gained. 

The next few observations. Stations 53 to 59, were 
all within the limits of the cold area, the bottom tem- 


perature at depths ranging from 3G0 to 630 fathoms, 
nowhere reaching the freezing-point of fresh water ; 
and at one point, Station 59, lat. 60° 21' N., long. 
5° 41' W., at a. depth of 580 fathoms, the index stand- 
ing so low as - 1°'3 C. On Saturday the 21st wc took 
a sounding in 187 fathoms, on the edge of the Tiferoe 
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plateau, an^^kliout twenty miles north of the pre- 
vious station, with a temperature of Q^'d C., and so 
found that we had passed the limits of the cold 
basin. 

Our first two soundings after leaving Thorshavn 
(Stations G1 and 62) wore in shallow water on the 
PaBroo Bank, 114 and 125 fathoms, with a tempera- 
ture of T’2 and T'O C. respectively ; but next 
Station, No. 63, after a run of eighty miles, gave 
317 fathoms and 0°'9 C., showing that we w'^e 
once more in the cold region. Brom that point, 
passing in a south-easterly direction across the 
eh annei towards tlie northern point of Shetland, we 
traversed the cold area in its most chaiS8M?|^stic 
form, finding at Station 04, lat. 61° 21' N^^g. 
3“ 44' W., a depth of 640 fatlioms, with bottom 
temperature of 1°'2 C. Here we took?^^no1^r 
scriiaf'sounding, and its results corresponded generally 
with those of No. 52. The sux’faee temperature was 
lower, and the temperature down to 200 fathoms some- 
what lower; at 350 fathoms it was a little higher : — 


Surface 

.... r 

«c. 

fathoms 

.... 7 

5 

100 „ 

t 

2 

150 „ 

.... G 


200 „ 

.... A 

1 

250 „ 

.... 1.. 

3 

■iOO „ 

.... 0 

2 

•150 „ 

.... 0 

.3 

400 

.... 0 

5 

400 „ 

.... 0 

8 

500 „ 

.... -1 

0 

500 

. . . . -1 

0 

COO „ 

. . . . - 1 

1 

C40 

.... - 1 

2 
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At lliis point, therefore, the ice-c^^^'uter of the 
Arctic current flllini? up the hottoin of the trough 
is nearly 2,000 feet deep, Avhilo tlie temperate water 
above has nearly an equal deptli. Tlie lower half of 
the latter, however, has its temperature considoral)ly 
vedneed hy intermixture and diffusion. Eig. 55 
represents diagrammatieally tlie general result of 
tempefiture observations in tiio cold area. The 
depth at the next Station, Xo. 05, was 051 fathoms, 
sillying that the channel had begun to shoal towards 
; the temperature was, however, still low, 
almdi^ exactly 0° 0. The next Station, No. 00, 
eighteen,; miles further on towards thei, Shetland 
bam^ll^l^e a depth of 207 fathoms, with h Bbttom 
of T 0 C., the tempm’ature at the Surface 
b0|^' C. We had therefore got beyond the 
the timugh filled by the cold stream, and 
passed into lesser depths occupied from the sj^pface 
to the tettom by the warm soutliern sti'catum. 

Th*5 next series of soundings, Xos. 07 to 75, are 
eitlier in shallow wafer round Shetland, or in wati'r 
on the shelving edge of the plateau, not deep enough 
to reach the frigid stream. It is of some interest 
that the two soundings. Nos. 08 and 69, in 75 and 07 
fathoms i^spcetively, to the cast of Shetland, show a 
bottom temperature of ()"•() C., while a serial sovinding 
in the warM area at the western entrance of the 
Eiferoe Channel gives for the same dejith a temiiera- 
ture of about B^’S C. This circumstance, along with 
others to 'be, mentioned hereafter, would seem to show 
that a'^^igonsiclerable indraught of cold water spread.s 
ov'er the bottom of the shallow north sea. 

At Stations 76 to 86, which arc along the southern 
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horcler of tlie cold area, Icnnpcrature sduudiui's wore 
taken mainly witli a view to define its sonthern limit, 
and they are sometimes on one side and sometimes on 
tlie other. The general result is indicated on IMale 
IV. by the southern border of the sliaded space. Kos. 
87 to 90 are once more in the warm area, the water 
reaching a depth of upwards of 700 fathoms, hut 
maintaining, after the first 300 fathoms, a tem])era- 
ture of from 6° to 7^ C. above tliat of corresponding 
depths in the cold area. At Station 87, lat. 59° 35' A., 
long. 9° 11' W., Avith a di^pth of 707 fathoms, a serial 
sounding was takim, wliich contrasts remarkably 
Avith the series at Station (il. The general result ol’ 
this sounding is rcjircscnted diagrammatically by 
Eig. 56. The temperatni'o Avas takem at every 100 
fathoms after the first 200. 


Surfdce 


50 (atlioins 


100 

150 

L^OO 

m) 

-100 

500 

GOO 


1 1' • 

!l • 0 
S • 5 
S • 5 
S • '2 
S • I 
7 • S 
7 * 

G • I 
5 • 1 


It will be seen by n^lercniee to tlu^ chart that two 
nearly parallel series of soundin|L»’s were taken, ex- 
tendinu* from the shallow Avater on the Scottish sidt? 
to the edge of the Ea-roe ilauk close to tlie n estern 
opening of the Eferoci Chanmd, and that one ot tlu-se 
ehains, including Stations 52, 53, 51, and 8(5, is in 
the cold area, Avliilc the other chain of Stations, 18, 
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4-7, 90, 19, 50, aud 51, is in llic warm area. There 
is 110 great diilereiiee in depth helweeu the two scries 
of souudings ; and there is no indication of a ridge 
separating them. Tlie only jiossihle explanation of 
these two so Avidely dilferent suhimiriiie climates, 
existing apparently under the same circumstances 
and in close proxiinity to one another, is that the 
vVretic indraught which passes into the deeper part 
of the Tairoe Channel is hanked in at its entrance, 
by the warm southern stri'am slowly passing north- 
Avards. There is a sliglit hut very constant depres- 
sion of.tiiier isothermal lines of surface tenite|aturii 
in t^e-sialjbw water along the AA'est coast oJf Pi^Ain. 
This,<’i'''bjE>ilevc, indicates that a. portion of, tb^ 4 ^£hl 
J^’s^Oe .Stream makes its escape, and, 
clo^o t^fhe land by the Avarm Avaten*, gradCR|]^y’ JU'akes 
its wa^joutliAvards, so inixcal and diluted as to 

he p^ljbptible by its slight eifeet on the line8;df pigan 
teiups^ture. Diagrams 55 and 50 illustratei^Hc dis- 
tribution of temperature in flic c(dd and war^rareas 
respectively; and in Eig. 57, the results of the serial 
soundings i\os. 52, 04, and <S7, are reduced to curves, 
Erom these diagrams, taken together, it will be seen 
that in the lirst 50 fathoms there is a rapid fall of 
luvirly 0 C. Station No. 01 is a good farther 
north than the other tAvo, and the surface tempera- 
ture is lower, so that the fall, Avhieh is nearly to tlu' 
same amount, starts from a lower point. The stttlace 
temperature is doubtless due to the direct heat of 
the sun, and the iirst vapid fall is due to ^e iapid 
decrease of this direct elfect. Eroin 50 to 200'l4ithoms 
the temperature in all three cases falls but little, re- 
m.uning considerably above the normal tem])erature 




Fig. 57. — Curves constructed from .serial soundings in the ‘warm-’ and ‘cold-areas ’ in the channel hetween Scotland and Fitroe. 
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of the ocean for. the parallel of latitude. At a 
depth of 200 fj^thoms, however, the divergence her 
tween the eurv#'ji£jf , the warm and eold areas is most 
remarkable. Tim curve of the warm area, No. 87> 
shows a fall of scarcely half a degree at 500 fi^thn^^ 
and less than one degree more at 767 fathbnis at 
the bottom. Between 200 and 300 fathoms the ^Qld 
area curves run down from 8° C. to 0’ lea^hg 
only ojaft degree more of gradual descent for the 
next §i|l-j^thoms. The temperature of the ‘ hump ’ 
on the ^|i^.es of the ‘ cold area ’ between^ 50 and 
209 .;'fathb'm& corresponds so nearly with that of the 
loaig giEadUal sinking of the curve of the 
Irdni" tfib surface nearly to the bottom, t^iut It' 
natirrai to trace it to the same source. W*. 
fore conclude that a shallow layer of ^ulf-st^iin 
water^j^ifting slowly northwards overlies in the 
area^^^draught of cold water represented by mb 
sudde|^T&d great depression of the curves, ypire,..in 
the area this cold indraught is abSCht, tlie ' 

(rulf-^TOam water reaching to the bottom. ' i 
Tracing the ‘ warm area ’ southwar||^- fyo^ the 
mouth of the Brnroe Channel along the Scot- 
land, Ave find that the ai'ea between iS^Xiews, 

and Bockall, is a kind of plateau of 

from 700 to 800 fathoms; and Ave may be 
analogy, although.^his region has not -yetjbeeh actu- 
ally examined, Avith a bottom teraperatilre uot' ^l^er 
than 4° 5 C. Commencing opposite llock 3 i|l;,,a^d" ^- 
tendinir between the great shoal AAduch chlrhiil.ja^es 
in the llockall fishing banks and the singular ]^b^ld 
rock, and the Avest coast of Ireland, there is a wide 
trough deepening gradually soutlnvards, and at length 
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coutinuous with the general hasi#i of the North 
Atlantic. 

' The temperature of this ocean was investi- 

gated with great care during the ^sit and second 
. of the ‘ Porcupine ’ in 1809, and the results 
WCTe so- very uniform throughout the area that it 
will he needless to describe in detail the slight 
diflP^enc^in different localities. These differences, 
in fact, only affected the surface layer of thi^ water, 
and dppended merely upon differences of latitude. 
The temperatures in deep water may lie^gaid to 
have been practically the same ever^hete. ^he 
first chain of soundings, taken by Captain Calver 
d^%SS^ cruise under the scientific drraalion 

Jeffreys, was between Lough SwiUy 
The greatest depth, 1,380 fathoms, is 
uiiddle of the channel, and a sounding at 
lat. 66° 24' N., long. 11° 49' 
a .boftom Ifcemperat^^^ of 2° 8 C. A depttlv^ 030 
fathou^j^_,No. 23, a little to the south of Bockall, 
gave%' tethperature of 6"-4 C., almost exactly the 
same as the.temperature of a like depth in the warm 
area oi^^^f^trance of the Ptoroe Channel ; and a 
tcmpera^»i5|’^ ^ 500 fathoms, one of a series taken 
at St^Ofi; SLjiffith a bottom temperature at 1,470 
fathotp^f^^^-V C., was 8°'5 0., rather less than a 
degree' nig^jr than the temperature at a correspond- 
ing depth at' Station 87. At Station 21 the tempera- 
ture was taken at every 250 fatlioms. 

' Surface 
\ 250 fatlioms 
500 



i:r- 5C. 
!) • 0 
S • 5 
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nis 

1,000 fathoms .’>’• o(h 

i,i>r)0 „ 0 • :f 

1, 170 ,, 2-7 

Wo luivc here on :i large scale, as T)r. CavpQ:^|er 
has pointed out, conditions very* analogous to 
Avhich exist in comparatively shallow w^er, and on a 
smalh^scale in tin? cold anni in the IF^rd^ Clianncl. 
'rhor6^'^is a surface layer of al)out 50 fatl^ilns, siiper- 
heat^^n August by diia'ct solar radiation, and, ^s Ave 
sc(5 l)^he A'aiaations of surface isothermafls, varying 
greatfy-^t^he seasons of the year. Next, va'o have a 
band here to a d(‘pth of nearly 800 fathoms, 

in which the theranometer sinks slowly thrpugh a 
range of about 5" C. Then a zone of iH^ter^lMhre 
of about 200 fatlioras, Avhei’e tlic tempei^f^iffb'^ 'fifths 
r<apidly, and finally a mass of cold water ffOT^^;,;^pth 
of .^OW fathoms to the bottom, through Which, 
ev^ be its depth, the thermometer falls'hjfflost im- 
])crceptibly, the Avat('r never reaching the'^'dea<i cold 
of the Arctic undercurrent in the Fl^rpe ©hannel, 
and the lowest temperature being univorsalli^’^at the 
bottom (Fig. 58 ). 

The area im'estigated during the second cruise oi‘ 
the ‘ Forcupine ’ at the mouth of the Bay-pf Biscay, 
about a couple of hundred miles WCiSt of\ IJshant, 
may be regarded as simjdy a continuatfoii s<3^thAvards 
of the tract hetAveen Scotland and Ireland and the 
liockall ridge. As, however, the depths vrei^p^ greater 
than any attained on any former occasioir^were so 
great, indeed, as probably to re})resent tfipyaverage 
depth of the great ocean basins— it may he, well (o 
describe the methods of obseivation and the condi- 
tions of tcmi)craturc somcAvhai in dclail. 



111 ^ •> 250 500 750 1000 1250 



Fio. 08 . — Curves constructed rom serial and bottom soundings in the ^dianiicl )•< hvrfii ^mtland .md 
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The sounding at Station No. 37, at a depth of 
2,435 fathoms, 1ms already been fully described as an 
example of the most recent method of determining 
extreme depths Avitli accuracy. Two Millcr-CaseUa 
thermometers, numbered 100 and 103 respectiirply, 
wore lashed to the sounding-line in their copper 
cas(;s, one a little above the other, about a fathom 
and a fathom and a half above the ‘Hydra’ sounding- 
machine. ’riicse two instruments had been prepared 
and tested with extreme care, and had been employed 
throughout the first cruise ; their freezing-points had 
been again verified at Belfast in case the enormous 
pressure to which they had been subjected might 
have affected the glass, and wo had absolute confidence 
in their indications. The indices were set before the 
instruments were let down at the temperature of the 
surface, 21°'l C., and 21°' 15 C. They were allowed to 
remain at the bottom for ten minutes, and on their 
return to the surface in upwards of two hours and a 
half, they were unanimous in recording a minimum 
of 1°'G5 C., the slight differences between the two 
instruments, which gave the almost inappreciable 
error for one of them of 0'’'05 C. at 21° 0., being 
imperceptible at the lower temperature. 

It had a strange interest to see these two little 
instruments, upon whose construction so much skilled 
labour and consideration had been lavished, con- 
signed to their long and hazardous journey ; and their 
return eagerly watched for by a knot of thoughtful 
men, standing, note-book in hand, ready to register 
this first message, which should throw so much light 
upon the physical conditions of a hitherto unknown 
world. 
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A scries of temperature soundings, at depths in- 
creasing progressively by 250 fathoms, Avas takcni to a 
depth of 2,090 fathoms, on the 2tth of Julv, lat. 
4.7“ 39' N., long. 11° 33' W. 


Surface 

fatboms 

. 17"-0SC. 

. 10 * 28 

loss than Siirfiioo 

7'^* 

3 0. 

.AOO 

jj 

. 8 -8 ■ 

„ 2.50 fatlii nils . 

1 • 

7) 

750 

jj 

. 5 • 17 

.5<I0 „ . 

3 • 

(.) 

1,000 


. 3 • 5 

,. 7-50 

1 • 

7 

l.-JOO 


. 3 • 17 

l.'lOO „ . 

0 • 

3 

J.-IOO 

J» 

2 • 9 

1.250 „ . 

0 ‘ 

3 

1,7-50 

5J 

2 • 01 

„ 1,500 „ 

0 • 

3 

2,000 

55 

. 2 • 1 

1,750 „ 

0 • 

0 

Tire 

saiuo 

two 

r-Casella tli ermometers 

were 


employed as in the previous observation. 

Another serial sounding Avas taken a few days later 
in Avater 862 fathoms deep, somewhat nearer the coast 
of Ireland. In this case the tcnnperaliii'o Avas laken 
at intervals of 10 fathoms i'rom tlie surface to a 
deptli of 50 fathoms, and tluaieo at intervals of 
50 fathoms to the bottom. This Avas done to deter- 
mine exactly the rate of diniinniion of tempera- 
ture, and the exact i)osition of the most marked 
irregularities. 


Surface . 

17"* 22 C\ 



10 fathoms . 

IG • 72 

h’p.s than surface . . 

. o"-5(; 

20 „ . 

15 • 22 

less than 10 fathiniif 

^ . 1-5 

30 „ 

13 • 33 

liO „ 

. 1-9 

40 „ 

12 • 44 

.10 

. 0-9 

50 „ . 

11-8 

■10 „ 

. 0 • G 1 

100 „ . 

1 0 • G 

50 .. 

. 1-2 

150 „ . 

10 • 5 

100 

. 0-1 

200 „ . 

10 • 3 

150 „ 

. 0-2 

250 ,, 

10-11 

200 

. 0-2 

300 „ 

9 • S 


. 0-3 
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350 r 

atlionis 

9" 

•5C. 

less than 

300 fathoms 

. 0^* 

3C. 

400 


9 

17 


3.')0 

77 

. 0 

3 

450 

o 

8 

7 

7J 

400 

77 

. 0 

5 

500 


8 

55 

>7 

450 

77 

. 0 

15 

550 

)> 

8 

0 

77 

500 

» 

. 0 

55 

GOO 

)> 

7 

4 

77 

550 

77 

. 0 

5 

G50 

>7 

G 

• 83 

77 

600 

77 

. 0 

G 

700 


G 

• 44 

77 

650 

77 

. 0 • 

4 

750 

• 

5 

• 83 

77 

700 

77 

. 0 

G 

800 

>> 

5 

• 55 

77 

750 

77 

. 0 ■ 

3 

802 (Bottom) 

4 

• 3 

77 

800 

77 

. 1 ■ 

25 


The general result of these two series of soundings 
is very important. The high temperature reduced by 
7°'5 C. in the first series at 250 fatlioms is undoubtedly 
due to superheating by direct solar radiation. This 
is shown still more clearly in the second series, where 
nearly 4i°C. are seen to be lost between the surface and 
30 fathoms, and somewhat above 2° C. more between 
30 and 100 fathoms. Prom 100 to 500 fathoms the 
temperature is still high and tolerably uniform, and 
it falls rapidly between 500 and 1,000 fathoms. A 
referenee to the second series shows that this rapid 
fall is betw^een 050 and 850 fathoms, in which inter- 
val there is a loss of more than 3°0. This second 
’ stage of elevated temperature from 250 to 700 
fathoms, which is represented graphically by the 
singular ‘hump’ on the temperature curves in Pig. 
61 and Plate VI. would seem to be caused by the 
north-easterly reflux under peculiar conditions, which 
will be referred to in next chapter, of the great 
equatorial current. Prom 1,000 fathoms down- 
wards, the loss of temperature goes on uniformly at 
the rate of about 0°'3 C. for cveiy 250 fathoms. 
The most singular feature in this decrease of tem- 

i 2 
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pemture foi* the last^ile and three-quarters is its 
absolute uniformity, which appears to he incon- 
sistent with the idea of anything like a current in 
the ordinary sense, and rather to point to a slow 
and general indraught of cold Avatcr, falling in 
chiefly by graAutation from tlie coldest and deepest 
sources available, to siipply tlic jdace of the Avariii 
water constantly moving to the nortliAAard. 

In 1870, Mr. Gvvyn Jeffreys took his first tem- 
perature ohs(!rvations at the mouth of the Channel, 
and found them to correspond very closely Avith 
those of the previous year; on the 9th of July the 
bottom temperature at 358 fathoms. Station (5 Tl. Y., 
Avas 10'’'0C., against 9'’'8 C., at about the same depth 
in a serial sounding in 1809, in the immediate 
neighbourhood. The next few soundings. Stations 
10 to 13, are in comparatively shallow Avater, off the 
coast of Portugal, while the next four Stations, a 
little north of Lisbon, may seiwe as an example of 
the temperatures to a considerable depth in that 
latitude. Station 11, 109 fathoms, Avith a surface 
temperature of 18°’3 C., has a bottom temperature of 
10°-7 C. ; Station 15, at 722 fathoms, a temperature 
of 9^'7 C. ; Station 10, at 991 fathoms, 1M< C. ; and 
Station 17, at 1,095 fathoms, 1°'3 C. This result is 
very similar to that Avhich avc met A\dth in 1809 off 
Ushant. With certain differences, Avhicli seem to de- 
pend mainly upon the diflercnccs of latiiiule, Ave Inna; 
the same phenomena — a thin surfacc-layc'r, superl leaf ed 
by the direct ray; ^^ -Ihe sun; a layer of Avarm water 
through Avhich th^^mperature descends very slowly 
down to 800 fatluTtas ; a zone of intermixture and 
rapid descent of the thermometer of nearly 200 
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fathoms in thickness ; and finally the deep cold layer 
into which these soundings do not penetrate very far, 
through which the temperature sinks almost imper- 
ceptibly from 4° C. The difference between these 
soundings and those of the year, before at the mouth 
of the Bay of Biscay is that the temperatures at all 
depths are somewhat higher. 

I refrain for the present from going into any detail 
wdth regard to the distribution of temperature in the 
Mediterranean, further than to give a mere outline of 
the rOTpS^able conditions wdiich were observed there 
by Dr.??.^ar^enter. 

Dr. Carpenter's observations were principally con- 
fined to the western basin of the Mediterranean, and 
during the months of August and September the 
surface temperature averaged between 23° 0. and 
26° 0. On two occasions only the surface tempera- 
ture fell considerably lower, and the fall was attri- 
buted in both cases to the influence of the colder 
surface current passing from the Atlantic through 
the Straits of Gibraltar. The following table of the 
series taken at Station 63 gives about the average rate 
of fall of temperature for the first 100 fathoms : — 


Surface . . 



25° 

• oc. 

fathoms . 


24 

5 

10 „ . 


21 

6 

20 „ 


16 

4 

30 „ . 


15 

* 5 

40 „ 


14 

• 1 

50 „ 

• • • • • > . • 

13 

• 6 

100 „ . 

’ 1 

13 

‘ 0 


and Dr. Carpenter made the refiiarkable observa- 
tion that “whatever the temperature was at 100 




Kia. 61-Diagram representing the relation between lulrratMTO"'’™' 

tare observations taken between Cape Finisterre and Cape St. Vincent, Autnst 187U. 
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fathoms, that was the temperature of the Avhole 
mass of water h(!neath, down to the greatest depth 
explorc'd.” The temperature at 100 fathoms varies 
very little from 13’ C. (So'S” Fahrenheit), and the 
IMediteiTanean attains in many places a depth of up- 
wards of 1,500 fathoms, so that here we have the 
strange plnmomcnon of an underlying mass of Avatcj*, 
1,100 fathoms deep, of a uniform moderate tempera- 
ture ; a state of things singularly dilTerent from that 
Avhieh obtains at like depths in the Atlantic. Dr. 
Carpenter’s ingenious speculations as to the cause 
of this dilYerence will he considered later. 
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APPENDIX A. 

HiLi'/acG Tcnqnratui'cs observed on loord H.M ' rorcujnao^ 
darintj the Hinmners of ISGO and 1S70. 

1 . Temperaturp:s orskrvkd in 


Date anil Pu'^itn'ii 


Date and Posit lun 


MllV 2Sth 


Oil* tlic (lircat \ 
vSkellii^s . . ( 


May 2!)lli 


1)11112,10 May 


May P>Dtli 


-- 


De- 



De-. 

De- 


Cent. 

cent. 



('.‘lit. 

cent 

2 

lo-o 

ipi 

May 30Lh . . 

4 

10-0 

!)-4 

4 

10-0 

l()-2 


t; 

10-8 

10-8 

(i 




,s 

12-2 

114 

s 




10 

15-0 

114 

11. 

lo-o 

lOo 

Tn Vali'iitia . . 

Noon. 

150 

12*7 

Noon. 

J)-4 

10-8 


4 

1 2 8 

12 '5 

12*2 

iri 

•j 


111) 


t; 

11*4 

11*1 

■1 

ll-() 

11-1 


s 



(i 


iri 


10 

lOM) 

11*1 

. 

H 




Midi!.; 

l)-4 

114 

10 

11() 

10-2 

May 31st. . . 

0 1 

0-1 

10-8 

aMuIu. : 

10-0 

lO'o 

1 

4 ; 

10-0 

i 

'1 



1 

i; , 

114 

i 11*1 

4 

H. y 



8 ; 

13-3 

ill 

I (1 

\ iri; 1 

l()-2 


10 I 

13*3 

: 11*1 

' 8 

111 

1()'8 

Lat. 51 52' N. ] 

Noon. ; 

i 

131) 

1 irt; 

i 10 

i:i:i 

12-7 

ijong. 1 M 3 1' W’. j 


i 

Noon 

131) 

1 I () 

1 

1 

2 I 

131) 

11*4 

: 2 

131) 

11*4 


i 4 

12'7 j 

^ 111) 

4 

12*7 

11*4 


f) ; 

J2-2 


: 0 


10-5 


' 1 

1 2-2 

in; 

: 8 

10*0 

in-o 


10 

111) j 

in; 

10 

111) 



Milln. 

J1-!) ’ 

in) 

Midii. 

iri 


Jnno 1st . . . 

2 

1 2-2 : 

12-2 

o 

in; 



4 

1 2‘2 1 

1 2*2 
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<D « 

Is 












Date and Position 

Hour 

£ t; 

E.S 

Date and Position. 

Hour 

O) ^ 

E ‘ij 




^•o 




tr^ 

O 



Deg. 

Deg. 



Deg. 

Deg. 



Cent. 

Cent. 



Cent. 

( elit. 

June 1st . . . 

6 

12-2 

11*9 

June 4th . . . 

2 

13*3 

11*6 


8 

13() 

11*9 


4 

13*3 

11*6 


10 

13-9 

11-9 


6 

12*8 

11*9 

Lilt. 5r22 N. ) 
Long. 12° 20 W. ) 

Noon. 

14-4 

11*9 


8 

10 

12*8 

12*2 

12*2 

11*4 


2 

14*4 

12-2 


Midn. 

11*9 

11*9 


4 

12‘2 

11*6 

June 5th . . . 

2 

11*9 

11*9 


6 

13*3 

11*9 


4 

11*6 

11*6 


8 

12*2 

11*9 


6 

12*7 

iri 


10 

11*9 

12*2 


8 

12*7 

11*1 


Midii. 

11*6 

11*9 


10 

12-7 

IIT) 

June 2nd. .. . 

2 

11*9 

11*9 

In Galway Dock 

Noon. 

16*1 

13*3 


4 

11*1 

11*9 


2 

15*5 

15*0 


6 

10*5 

11*9 


4 

13*9 



8 

11*6 



6 

15*5 



10 

12*2 

12*2 


8 

13*3 


Lilt. 52'’ 8' N. / 
Long. 12'’ 50' W. J 

Noon. 

15*0 

12*2 


10 

Midn. 

13*3 

13*9 


2 

14*4 

12*2 

June 6th . . . 

2 

13*3 



4 

15*0 

12*2 


4 

12*7 



6 

13*9 

12*2 


6 




8 

11*1 

11*9 


8 




10 

11*4 

11*9 


10 

14*4 



Midii. 

11*1 

11*9 

In Galway Dock 

Noon. 

12*2 


June 3rd . . . 

2 

11*1 

11*6 

2 

17*2 



4 

10*8 

11*6 


4 

19*4 



6 

11*1 

11*9 


6 

19*4 



8 

12*7 

11*6 


8 




10 

15*0 

11*9 


10 

13*9 


Lat. 52° 26' N. ) 

Long. ir4r w. i 

Noon. 

13*3 

11*6 

June 7th . . . 

Midn. 

2 

13*3 

13*3 


2 

14*7 

11*9 


4 

12*7 



4 

13*0 

12*2 


6 




6 

11*6 

12*2 


8 




8 

11*1 

11*8 


10 

16*1 



10 

111 

11*6 

In Galway Dock 

Noon. 

18-3 



Mifln. 

10*8 

11*6 


2 

17*7 


June 4th . . . 

2 

111 

11*6 


4 

17*7 



4 

iri 

11*6 


6 

17*2 



6 

11*1 

11*6 


8 

150 



8 

10*8 

11*6 


10 

13*9 



10 

10*5 

11*6 


Midn. 

12*2 


Lat. 52°14'N. ) 
Long. ir45'W. jl 

Noon. 

10*5 

11*1 

June 8th . . . 

2 

4 

]l*l 

10-0 
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Date acd Position. 


June 8th . . . 


In Galway Dock 


Date and Position. 


June 11th 


June 12th 



J ime 9th . . . 


Lat. 53° 24' N. 
Lout/. 15°24'W. 


In Galway Dock 


June 13 th . 


June 10th , 


Lat. 53° 28' N. 
Long. 15° 08' W. 


Lat. 53°16'N. 
Long. 11° 52' W. 


June 14th . . 


June 11th 


Lat. 53°43'N. ) 
Long. 13° 48' W. ( 


Lat. 53° 22' N. / 
Long. 13°23' VV. ] 


June 15 th 
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<D 




o 


Date and Position. 

Hour. 

eiuperatu 
of Air. 


Date and Position. 

Hour. 

emperatu 
of Air. 

-p's 

E ^ 







b* 

o 



DoK- 

D(!S. 







Ciuit. 

Cent. 



Cent. 

( ent 

June ir)th . . 

4 

() 

10*8 

11-1 

11*0 

11*0 

Lat. 54‘’1 (VK j 
Long. lU" 5 y ' VV. j 

Noon. 

12*5 

12-2 


8 

14-4 

11*0 


2 

12*0 

12*2 


10 

12-2 

11*0 


4 

12*7 

12*4 

Lat. r )3“4 rN . ) 
Long. 13° 14' W . j 

Noon. 

12*7 

10*0 


0 

8 

12*7 

11*0 

11-8 

n -8 


2 

13() 

11*0 


10 

11*4 

11*0 


4 

13*0 

11*0 


Midn. 

11*4 

11*4 


() 

13*0 

11*8 

June 10 th . . 

2 

11*1 

11*0 


8 

10*8 

11*8 


4 

11*1 

111 


10 

10*8 

11*0 


(; 

11*0 

11*8 


Midii. 

JO -5 

11*1 


8 

11*0 

12*2 

June Kith . . 

2 

10*0 

11*7 


10 

13*0 

11-8 


4 

10*2 

11*4 

' At Killihegs . . 

Noon. 

130 

iro 


() 

12*7 

11*5 


2 

13*3 

12*2 


8 

12*0 

11*5 


4 

12*2 

12-2 


10 

13*0 

11*0 


0 

11*0 

1^-3 

Lilt. 54" 2' N. } 

Lon^r. 12" u ' W . ( 

Noon. 

15*0 

11*0 

1 


8 

10 

13*0 

11*1 

12*7 

12-2 


2 

13*0 

11*0 1 


Midn. 

10-5 

12-2 


4 

13*3 

12*1 1 

Juno 20 th . . 

2 

lOT) 

11*0 


() 

12*2 

11*0 ! 


4 

11-1 

iro 


8 

10*2 

11*1 1 


0 

11*0 

1 no 


10 

11*1 

11-4 : 


8 

12*7 

12-2 


Midn. 

11*4 

11*4 i 


10 

13*0 

iro 

Ju:ie 17th . . 

2 1 

11*0 

11*0 ; 

i At Killihegs . . i 

Noon. 

13*0 

12*2 


4 ! 

11*0 

IIG :: 

2 

15*0 

12*2 


« 1 

iro 

11*8 ; 


4 

14*4 

12*5 


8 1 

13*0 

11*0 


() 

14*4 

12*5 


10 i 

12*5 ' 

ii(i 


8 

12*2 

12-5 

Lilt. 54" 27' N . ) ’ 
Long. 11" 43' W . j 

j 

Noon. 

13*9 

11*8 

■ 


10 

Midn. 

10*0 

10*8 

12*2 
j 2*5 

2 

13*3 

11*0 

June 21st . . 

2 

11*1 

12-2 


4 

J3'3 

ii » 


4 1 

11*1 

12*2 


() 

12*2 

11-!) 


0 1 

11*8 

12*2 


8 

12*2 

llG 


8 : 

12*2 

12*2 


10 

11*0 

no 


10 

13*0 

12*2 1 


Midn. 

12 2 ' 

11*0 

At Killihegs . . 

Noon. 

15*0 

12*5 ' 

June 18th . . 

2 

11*0 1 

11*0 


2 

15*3 

12*2 1 


4 

11*0 

12*0 


4 

14*4 

12*5 


a 

12*2 

12*0 , 


0 

13*0 

12*2 1 


8 

12*2 

12*1 


8 

11*0 

12*3 


10 

12*2 

12*2 

! 

i 

10 

111 

iro 1 
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• 

1 

1 

i 

? 

3 




’ P 

: £ i 

Date And Position 

Hour. 

g u 

= o 

g 3 

— V 

Z-n 

Date .lutl Position. 

Hour, 

tj c 

‘ ^ '0 

' L 3 

i .73 

' 


1 

H 


i 



0 


i 

i 



- 

1)(‘K. 

(.'(‘lit. 


June ^Ist . . 


: (Viit 

C<‘nt. 




Mi.ln. 

1 lOT) 

12*2 

June 2r)tli . . 

4 

15-0 

! LVO 

June . . 


iri 

11-8 


0 

1()1 

' 13!) 


4 

ill 

111) 


8 

15-0 

1-11 


(i 

iri 

114) 


10 

15 A 

i 15A 


H 

iro 

12-0 


:\tidn 

14-4 

15-5 


10 

lO-J 

12*2 

June 2Gth . . 

2 

141 

15-8 

At Killiljogs . . 

Noon. 

13-3 

12-2 


4 

13-9 

15*0 


2 

13*0 

12-3 


() 

13-9 

13-3 


4 

13-3 

12-2 


8 

15*3 

' 134) 


6 

12-2 

12*2 


10 

18-0 

14-4 


8 



In Donegtd B;iy 

Noon 

19-1 

13-9 


10 

111 

12-5 

2 

22'2 

15*3 


Midn. 

111 

11*9 


4 

19-4 

101 

June 23r(l . , 

'2 

]0’8 

12-2 


() 

!(;•(; 

15 5 


4 

111 

12*2 


8 

15-5 

15-5 


6 

12-4 

12-2 


10 

127 

15-3 


8 

139 

12*2 


Midn 

12-5 

LVO 


10 

15-5 

12-5 

June 27tli . . 

2 

111 

' 14*4 

At Killiljegs . . 

Noon. 

l()-0 

12T) 

j 

4 

11-4 

; 14-4 


2 

15-5 

12*5 


(i 

127 

I 13-9 


4 

17-7 

127 , 


8 

134) 

’ 13'9 


() 

l()T) 

13’3 


10 

15-5 

14*4 


8 

13'3 

130 

At Killihegs . . 

Noon. 

104i 

, 14*4 


10 

130 i 

13-3 i 

i 

2 

20-0 

i 15*0 


Midn. 

12-7 i i:i-0 '1 

4 

17-2 

14*4 

June 24th . . 

2 

12*7 

13*3 


0 

13-3 

13*3 


4 

13’3 

13-3 


8 

13-3 

13*3 

j 

() 

1 1-4 

13-5 


10 

13-3 

13*3 


8 

15-3 

13-3 


Midn. 

13-3 

1^*3 


10 

KH) 

I3T) 

June 28tli . . 

2 

127 

13*3 

AtKillibcgs. . 

Noon. 

17-5 

13-0 


4 

127 

12*9 


2 

17-7 ; 

13*9 


t; 

127 

12*7 


4 

17-7 1 

141 

' 

8 

13-3 

13*0 


6 

17-2 1 

in-o 

i 

10 

^ 13-9 

13*3 


8 

10 

1()1 ■ 
11-7 

141 
loO ,, 

Lafc. 540 r)4’ N. ) 1 
Long. 10° 59' W. ( , 

Noon. 

117 

13-3 


Midn. 

14-7 ! 

15-3 ! 

2 

147 

' 13*3 

1 June 25tli . . 

2 

14*4 1 

14-4 i 


4 

j 13'9 

13*3 


4 

141 ! 

14-4 ,! 


f) 

! 130 

13*9 

1 

0 

1 

13-(i 


8 

1 134) 

13*0 

1 

8 

18*3 i 

14-4 1 


10 , 

1 127 

13*3 

1 

10 

20-0 j 

13-9 i 


Midn. 

12-9 

13*0 

1 At Bundoran . i 

Noon. 

20-5 i 

1 ()() ' 

June 29lh . . 

2 

127 

13*3 

1 

2 

23-0 

16-6 11 


4 

12-2 

13*3 
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p 




£ 

0) 

u. ^ 

Date and Puuitioii. 

Hour. 

emperatu 
ot Air. 

£ 3 

P.C8 
^ a> 

Date and Fosiiiun 

Hour. 

c o 

V- 
S c* 

il 




^'o 







Drg. 

Dej;. 



Dck. 

Dcir. 



Cent. 

Cent. 

July 2nd . . . 


• ent. 

CtMlt. 

JiiiioSDth . . 

0 

13-6 

13-3 

4 

l(>*2 

14*2 


8 

14-4 

13*3 


6 

15*5 

14*5 


10 

16-G 

13*9 


8 

14 7 

14*4 

Lat. 1 

Noon. 

16*6 

14-4 


10 

150 

14*6 

Long. 11“ 31' W. \ 


Miiln. 

14*4 

13 9 


2 

16-1 

L5-I) 

July 3rd . . . 

2 

13-9 

139 


4 

15-.5 

14-4 


4 

13-3 

13*9 


6 

ir)-.5 

14-4 


6 

14-9 

14*1 


8 

150 

14*4 


8 

15‘5 

14*1 


10 

13*6 

13*9 


10 

16*1 

14*0 

Juno 3 ()l1i . . 

Midn. 

2 

13-3 

130 

13*9 

14*1 

Lat. 56'" 58' N . / 
Long. 13’ 17' VV. J 

Noon. 

15*3 

13*9 


4 

133 

14*0 


2 

16*9 

14*4 


6 

160 

13*9 


4 

16*1 

13*9 


8 

180 

13*9 


6 

14*7 

13*6 


10 

161 

14*4 


8 

13*9 

12*5 

' Lat. 44' N. ) 

Noon. 

16*4 

14*4 


10 

13*3 

12*5 

^ Long. 12" 53^ W. j 

1 


Midn. 

127 

12*2 

2 

17*7 

14*5 

July 4tli . . . 

2 

13*4 

13*6 


4 

177 

14*4 

4 

13*9 

13 9 


6 

15*8 

150 


6 

13*6 

14*0 


8 

150 

150 


8 

14*1 

13*6 


10 

14-4 

15*3 


10 

147 

14*7 


Midn. 

136 

14*4 

Lat. 5()° 47' N. ) 

Noon. 

150 

13*9 

July Lst . . . 

2 

127 

13*9 

Long. 12“ 49' W. J 

4 

13-3 

13*9 


2 

14*4 

14*7 


6 

15-5 

14*4 


4 

14*4 

14*8 


8 

16-3 

14*4 


6 

13*9 

14*8 


10 

17-3 

147 


8 

13*9 

14*9 


Noon. 

17*2 

14*8 


10 

13*9 

15*0 


2 

17-2 

15*5 


Midn. 

13*3 

14*7 


4 

16-6 

150 

J uly 5th . . . 

2 

127 

15*0 


6 

150 

14*4 


4 

13*3 

15*0 


8 

14-4 

14*4 


6 

13*9 

14*7 


10 

141 

14*1 


8 

13*9 

14*7 


Midn. 

14*1 

14*1 


10 

14*4 

14*7 

July 2n(l . . • 

2 

14*1 

13*9 

Lat. 56“41;N. ) 

Noon. 

13*9 

14*7 


4 

141 

14*0 

Long. 12“ 56 W. \ 


6 

15 0 

14*1 

2 

14*4 

150 


8 

15-5 

14*1 


4 

13*3 

150 


10 

15-5 

14*4 


6 

12*7 

14*4 

Lat. .56“ 9' N. ) 
Long 14® 10' W. ! 

Noon. 

177 

14*4 


8 

10 

12*2 

12*5 

14*1 

14*4 

1 _ 

2 

17*4 

14*7 


Midn. 

12 5 

14*4 
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a> 


Date and Position 

Hour. 

a -S 

£ o 

2 

a. OQ 

- s 
£:« 

Date and Position 

Hour. 

1-- 
£ o 

2 3 
CCO 

£.2 



H 



H 




Deg. 

Deg. 



Dt^g. 

Ui'g. 



Cent. 

Cent. 



' ent. 

Cent. 

July Gtli . . . 

2 

12-2 

13-9 

In Lough Swilly 

Noon. 

15-8 

13*3 

4 

12-7 

13 9 


2 

16*1 

13*3 


6 

12-4 

13-8 


4 

15*5 

131) 


8 

13-9 

141 


6 

15*3 

13*3 


10 

141 

131) 


8 

13*9 

13*3 

Lilt. r)(i“22' jsr. ) 

Noon. 


13-9 1 


10 

12*2 

13*3 

LoJig. 11'37' W. ) 



Midti. 

11 6 

127 


2 

15*0 


July 10th . . 

2 

11 6 

13*6 


4 

15-3 

141 ; 


4 

12-2 

131) 


6 

131) 

14*4 


6 

141 

13*0 


8 

13-3 

14*4 


8 

161 

13*4 


10 

12-() 

13*9 


10 

16*1 

13*4 


Midn. 

11*1 

13*3 

In Lough Foyle 

Noun. 

177 

14*4 

July 7tli . . . 

2 

12-7 

13*3 


2 

177 

151) 

4 

141 

13*3 


4 

18*3 

147 


6 

14-7 

13*3 


6 

16*1 

14*4 


8 

147 

13*3 


8 

14*4 

131) 


10 

15-0 

13*4 


10 

131) 

13-3 

Lat. 55'’ 55' N. ) 

Noon. 

151) 

13*3 


Midn. 

14*4 

139 

Long. 1(/ 17' W. \ 

July 11th . . 

2 

15*0 

14-4 

2 

151) 

13*9 


4 

13*9 

14*4 


4 

151) 

13*6 


6 

147 

131) 


6 

151) 

139 


8 

16*3 

13*9 


8 

151) 

13*9 


10 

16*6 

13'6 


10 

Midn. 

14*4 

14-4 

13 3 
13*3 

At Moville, \ 

Lough Foyle ] 

Noon. 

18-9 

14*4 

July 8th . . . 

2 

14-4 

13*9 


2 

20*5 

15-5 

4 

14-4 

13*6 


4 

21*1 

150 


6 

15-5 

13*9 


6 

18*9 

14*4 


8 

15*5 

131) 


8 

181) 

14*4 


10 

151) 

13*9 


10 

15*8 

13*9 

Lat. 56" 6' N. ) 
Long y" 36' W. ( 

Noon. 

151) 

13*3 

July 12th . . 

Midn. 

2 

15*8 

15*3 

14*4 

150 

2 

147 

13*6 

4 

131) 

147 


4 

151) 

13*6 


6 

131) 

114 


6 

13-3 

13*9 


8 

15-5 

11*1 


8 

13-3 

13*6 


10 

16*1 

10 5 


10 

13-3 

13*9 

Off Belfast ) 

Noon. 

15-5 

11*1 


Midn. 

127 

127 

Lough . . . i 

July 9tli . . . 

2 

12-2 

13*9 

2 

16*1 

11*1 

4 

12*2 

127 


4 

13*9 

14*4 


6 




6 

14*4 

14*4 


8 

14-1 

13*3 


8 

14*4 

14*1 


10 

15 5 

1 

13*3 


10 

127 

12-2 
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D 

II 







s 

B'g ! 



3 


Date and Position 

Hour 


a 3 1 

! 

I 

<u cc ll 

^*o : 

Date and Position. 

Hour 

£ .b 

4; Si 
ti. ^ 

£ o 

2 3 


! 

^ ! 



^ 1 

H tM 

o 


i 

1)0K. ' 

D^'K. 

Cent, 



De-. , 

Deg. 


1 

Cent 



Cent. 

(’ent. 

July I2th . . 

Midn. 1 

12-2 ; 

iro 

July 16th . . 

4 

16*1 

10*4 

July 13tli . . 

2 

10-5 ; 

13*3 : 

6 

16*1 

18-0 

4 

iri i 


8 

17*7 

18*9 


6 

12-2 1 

J3-3 :! 

10 

17-2 , 

18*0 


8 

i:V3 ; 

13(i 

Midn. 

14-7 : 

18*0 


10 

13-3 

14*1 July 17tli . . 

2 

12*7 i 

18-3 

At Belfast . . . 

Noon. 

10-5 

15*5 i' 

4 

12*2 i 

17*2 


2 

17'2 

17*2 : 

6 

16*4 : 

18-3 


4 

l()-6 

17*2 , 


8 

17*7 i 

18-3 


6 

17-7 

17*2 


10 

10*4 1 

18‘0 


8 

loT) 

17*2 

At Belfast . . 

Noon. 

26*1 1 

197 


10 

12*2 

i(i(i 


2 

18*0 I 

13*0 


Main. 

iro 

16*6 ■ 


4 

15*3 1 

11*6 

July 14tli . . 

2 

13-3 

1()*() 


() 

14*7 ' 

11*6 

4 

13-3 

!()*() 


8 

15*0 

12*7 


6 

14-1 

1()*3 


10 

15*0 

13*0 


8 

15-8 

i()(i 


Midn. 

16*6 

15*5 


10 

17 ’5 

16*6 ; 

July 18 th . . 

2 

16*1 


At Belliist . . 

Noon. 

17-8 

l(i(i : 


4 

15-5 



2 

18-3 

16*6 , 


6 

1 16*1 i 



4 

17*8 



8 

! 15-5 j 



6 




10 

j 16*0 



8 



OtfTuskarL. fl. 

Noon.! 16-6 



10 

16-1 



2 

IH-IJ 



Midn. 

16'1 

Ki-O i 


4 

10-4 


July ir)th . . 

2 

ir)-.5 

l(i-l 1 


6 

17!) 


4 

150 

16*6 


8 

10*4 



6 

l(>-(> 

16*1 


10 

18'0 



8 

18-3 

l(i-4 


Midn. 

17*7 



10 

20*5 

17*7 

July 10th . . 

2 

161 


At Belliist . . 

Noon. 

21-4 


i 

4 

15-5 



2 

21*1 



6 

16*3 



4 

21-1 


8 

l!)-7 



6 

2()'5 

17-2 , 

10 

21*6 



8 

10-4 

17*7 

At Haulbowline 

Noon. 

.22*8 



10 

10*4 

17*2 ; 

2 

20*0 



Midn. 

17-7 

17-2 ll 

4 



i July 16th . . 

j 

2 

17*2 

17*2 i! 

() 

20*0 


4 

l()-() 

17*2 il 

8 

17*2 

17*4 


6 

17-5 

17*2 


10 

16-6 

16-6 


8 

18'0 

17*2 


Midn. 

16*6 

16*6 


10 

22*5 

17*7 

J uly 20th . . 

2 

l(i-9 

17*7 

At Belfast . . 

Noon. 

22-5 

18*0 


4 

16*6 

18*0 


1 2 

17*2 

18*0 


6 

17*6 

18*3 
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Date and Position. 

Hour. 

emperature 
of Air. 

emperature 
Sea- Surface. 

Bate and Position. 

Hour. 

emperature 
of Air. 

i| 

ioQ 



in 




H 




Bog. 

Bog. 



Bog. 

Deg. 



Cent. 

Cent. 



Cent. 

( '< lit. 

July 20th . . 

8 

20-5 

18*3 

July 23rd . . 

4 

17'2 

18-3 

10 

211 

18-9 


‘ G 

18-9 

18-3 

Lat. 50° 28' N. ( 

Noon. 

22-2 

18*9 


8 

17-5 

18-3 

Long. W. ) 


10 

17-2 

18-3 

2 

20*8 

19-7 


Midn. 

IG-G 

18-3 


4 

20-0 

19-4 

July 24th . . 

2 

17*2 

18*3 


G 

20-0 

18-9 

4 

17-2 

18-3 


8 

18-G 

18*3 


G 

17-5 



10 

17-7 

18-3 


8 

18-G 

is-o 


Midn. 

17*2 

18-0 


10 

18-9 

18-3 

July 21st. . . 

2 

4 

17-7 

17-2 

17-7 

l(i-9 

Lat. 47°40’N. | 
Long. 11° 34' W. j 

Noon. 

18-3 

18-3 


G 

]7‘7 

17-5 

2 

19-4' 

18*3 


8 

17-7 

17*5 


4 

lS-9 

]S-3 


10 

18‘9 

17*5 


G 

IH-O 

17-7 

Lilt. 48°51'N. ) 
Long. 11“ 8'\V. ) 

Noon. 

19-4 

17*5 


8 

10 

18'0 

18-3 

18-0 

ls-3 


2 

20‘8 

17*2 


Midn. 

177 

lS-3 


4 

18-3 

17-2 

July 20tli . . 

2 

17-2 

18-0 


G 

18*3 

17-2 

4 

JG-9 

18-3 


8 

18-0 

17-7 


G 

IG-G 

17-7 


10 

17-7 

17-7 


8 

177 

177 


Midn. 

177 

177 


10 

18-0 

17*7 

Jiilyii^nd . . 

2 

4 

177 

177 

lG-9 

177 

' Lat. 40° I'N. ) 

' Long. 12° 22' IV'. ) 

' Noon. 

18-9 

177 


G 

18-3 

18-3 


2 

18-3 

177 


8 

18-9 

180 


4 

is°3 

i 177 


10 

17*2 

177 


G 

lS-3 

, 177 

Lat. 47'’ 38' N. ) 
Long. ]2m' W. S 

Noon. 

19*4 

18'3 


8 

10 

19-4 ' 
lS-3 

18-3 
' 177 


2 

19'4 

18-3 


Midn. 

lS-9 

1 17-r) 


4 

20-0 

18’3 

July 2rith . . 

2 

ic.-l 

! 17-2 


G 

18-9 

18-3 


4 

IGI 

1 17-2 


8 

17-5 

18-3 1 


G ‘ 

17-2 

1 17-4 


10 

17*5 

18*3 

1 

8 

Kil 

! 17T) 


Midn. 

17-2 

180 


10 

18-9 

17-7 

: July 23rd . . 

2 

17-2 

180 

Lat. 49° O' N. ) ' 

Noon. 

lS-9 



4 

16-6 

18’3 

Long. 11°58' W.i 


G 

177 

177 



17-2 

' 177 


8 

19-4 

18-0 


4 

lG-9 

177 


10 

191 

180 


G 

lG-9 

17-7 

Lat. 47° 39' N ) 

Noon. 

20-0 

18-0 


8 

lG-4 

177 

Long. irr,2'W. 1 


10 

IG-l 

177 


2 

20-0 

18-3 


Midn. 

15-8 

177 


Z 
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Date and Position. 

Hour. 

H c 

S /J 

C 

f 

Date and Position. 

Hour. 

1 . 

c o 

p « 

2 S 

sS 



H 




H 

o 



Deg. 

Deg. 

Cent. 



Deg. 

Deg. 



Cent. 



Cent. 

Cent. 

July 27th . . 

2 

4 

15T) 

15*0 

17-7 

17-2 

Lat. .51’ .5' N.) 
Long. 11’22'W.) 

Noon. 

17*7 

15*8 


(j 

17-2? 

17*5 


2 

17-7 



8 

144) 

17-5 i 


4 

17*5 

16*1 


10 

18-9 

17-5 : 


6 

17*2 

1G*G 

Lat. 40" 10' N. 1 
Long. 12°45'W. ( 

Noon. 

18-0 

17*5 ' 


8 

10 

16*6 

IG'G 

16*6 

15*5 

2 

17*7 

17*5 


Midn. 

1G*6 

15*8 


4 

18-9 

17*7 : 

July 31st. . . 

2 

16*3 

15*5 


(j 

18*3 

17*7 


4 

15*5 

15*5 


8 

lG-1 

17*7 I 


G 

15*3 

14*7 


10 

lG-1 

17*7 ; 


8 

17*2 

14*7 


iMidn. 

15-8 

17*7 


10 

18*9 

12*5 

.July -28111 . . 

2 

4 

15*3 

15-0 

17*5 

16G 

Near (^ork ITai*- ) 
hour . . . S 

Noon. 

16*6 

12*2 


6 

15-5 

16*9 

2 




8 

18*6 

16*6 


4 

18*3 

16*1 


10 

17-7 

16C 


G 

16*1 

15*8 

Lat. 4!)’ r><)' N. \ 
Long. 12" 22' \V'. / j 

Noon. 

19*4 

16*0 


8 

10 

14*4 

12*7 

14*4 

11*6 

2 

10*7 

16*9 1 


Midn. 

12*7 

11*1 


4 

18*3 

17*1 1 

August 1st . . 

2 

12*2 



6 

IGG 

1G*9 1 

4 

12*2 



8 

15*5 

16*9 


G 

13*9 



10 

15*8 

15*5 


8 

16*6 



Midn. 

16*1 

16*6 : 


10 

17*5 

14*7 

1 July 20th . . 

2 

16*1 

17*2 

At Queeiivstown . 

Noon. 

19*1 

14*7 

4 

15*5 

17*7 

2 

18*9 

15*3 

1 

0 

15*8 

16*9 


4 

18*9 

15*8 

1 

1 

8 

lG-4 

16*9 1 


6 




1 

1G*6 

16*6 


8 

13*9 

15*8 

1 Lat. .50" 24' N. ) 

! Long. ir42'W. ) 

Noon. 

17*2 

16*3 


10 

Midn. 

12*2 

12*5 

15*0 

14*7 

2 

1G*1 

16*3 

August 2nd . . 

2 

12*2 

14*4 


4 

17*7 

16*3 

4 

11*9 

15*0 


« 

17-7 

16*6 


G 

12*7 

15*5 


8 

lG-3 

17*2 


8 

15*0 

15*3 


10 

IG’l 

16*6 


10 

14*7 



Midn. 

1G*1 

17*2 

At Queenstown . 

Noon. 

15*5 


J Illy .30th . . 

2 

16*1 

15*8 


2 

15*5 

15*0 

4 

1G*1 

15*8 


4 

16*4 


C 

17*2 

15*8 


6 

15*3 

15*5 


8 

17*2 

15*8 


8 

13*9 

15*0 


10 

17*2 

15*5 


10 

13*9 

15*0 
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1 

ll ' 




§1 

Date and Position. 

Hour. 

empera 
of Air. 

u 

11 

Date and Position. 

Hour. 

empera 
of Air 

|i 

5 VO 






j 


^'o 



Deg. 

Deg. 



Deg. 

Deg. 



Cent. 

Cent. 



Cent. 

Cent. 

August Slid . . 

Midn. 

13-9 

13*9 

August Gth . . 

10 

17*7 

14-7 

August 3r(l . . 

2 

15-3 

14*4 

At Belfast . . 

Noon. 

18*3 

15*5 

4 

15-.5 

14*1 


2 




6 

15-0 

13-9 


4 

18*9 

17*2 


8 

ir>T) 

13*9 


G 

15-0 



10 

15-5 

141 


8 

130 

IG-G 

Lat. r)2” 22' N. ] 





10 

111 

lG-1 

Blackwater, > 

Noon. 

lG-1 

13G 


Midn. 

10*0 

lo-O 

Lat. N. 1 1 miles. ) 




August 7th . . 

2 

10*8 

l.'-.T. 


2 

lG-2 

13-9 


4 

11*1 

i.vr> 


4 

18'3 

14-1 


G 

12-7 

ir>5 


() 

17*2 

14*7 


8 

14*4 

15-5 


8 

15-5 

13-3 


10 

15*3 

iivr. 


10 

14*4 

13*3 

1 At Belfa.st . . 

Noon. 

ir)’0 

LVO 


Midn. 

14-4 

13*3 

i 

2 

15*3 

15 ‘5 

August 4th . . 

2 

13-9 

13-9 

! 

4 

15*0 

10-5 

4 

13*3 

13*9 

1 

G 

If) *5 



f) 

13*3 

12*7 


8 




8 

11*9 

12*5 


10 

14*7 

15-5 


10 

13*9 

12*2 


Midn. 

15*0 

147 

At Copeland Is- ) 
land . . . ( 

Noon. 

14*4 

12*5 

1 August 8th . . 

2 

4 

13*9 

13-9 

15*0 

15*0 


2 

15-0 

13*9 ' 

'i 

G 




4 

lG-1 

IG'l 

j 

8 

15-0 

15-0 


() 

IG-G 

15*8 


10 

15*5 

15*3 


8 

13*3 


1 At Belfast . . 

Noon. 

17-2 

1.V8 


10 

13-3 

15-0 i 

j 

2 

20*8 

' IG'l 


IMidn. 

11*1 

13-9 ; 

1 

4 

1 IG'G 

15'8 

August 5tli . . 

2 

iri 

14*1 i 

i 

G 

I 13*9 

1 15-5 

4 

lOT) 

14*4 I 


8 

; 14-4 

i 15-8 


() 

12*7 

14*() 

! 

10 

! 13*G 

i ]r)-8 


8 

15*3 

14-7 

1 

Midn. 

i 13-9 

, ir>'5 


10 

18*3 

15-0 

August 0th . . 

2 

, 13-3 

15-5 

At Belfast . . 

Noon. 

IG'9 

15-5 

4 

j 13*3 

, 15-5 


2 

17-4 


}' 

G 

! 13*3 

1 15-3 


4 

17*7 

IG'4 

ii 

8 

1 13-3 



6 

12*8 

15T> 


I 10 

I 14*4 

15 ‘5 


8 



1 At Belfast . . 

1 Noon. 

' LVO 

15-5 


10 

11-1 

15-0 


2 

i l()*l 

15-5 


Midn. 

10*0 

15-0 


4 

; 1G*() 

1;V5 

August Gth . . 

2 

10*5 

14*7 


6 

! 14*4 

15*8 


4 

10*0 

14-4 


8 

' 11*4 

15*5 


G 

12*5 

14-1 


10 

10-5 

15-() 


8 

1G*G 

14-4 


Midn. 

• 1 

10*0 

14*4 


z 2 
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Date and Position. 


A.ugiist 10th. . 


A.t Belfast 


A^ugustllth. . 


[ii Belfast Lough 


August 12th. . 


r;oll Island, N., ) 
3 miles . . \ 


A.ugust 13 th . 


■^liiant Islands, } ' 
N.N.W.Omiles 



2 

Qj ? : 


3 


(4 

d 

o 

1 ^ 1 

Oi CC 1 

a 

2 O 

S’ 3 ; 
B S 1 



i, c/} 1 

1 




Dog 

Dog. ! 


Coat. 

Coat. ■ 

2 

11-1 

13*9 

4 

10*5 

14*7 

6 

10-5 

14*4 

8 

11-4 

14*4 

10 

13*9 


Noon. 

15-5 

15*0 

2 

15-0 


4 

14*7 


6 

12*7 


8 

11-9 

15*0 

10 

ir(> 

14*4 1 

Midn. 

11-6 

13*9 

2 

10-5 

13*9 

4 

11-7 

13*3 

() 

12'2 

13 (> 

8 

13*3 

13*9 

10 

14-4 


Noon. 

14-4 

14-4 j 

2 

15-3 

12*2 ! 

4 

15*0 

13*0 

6 

13*9 

12*2 1 

8 

12*2 

12*2 i 

10 

11*7 

11*7 

Midn. 

12*0 

11*7 

2 

12*2 

12*2 

4 

iri 

11*7 

6 

11*4 

12*0 

8 

13*3 

12 T > 

10 

17*2 

127 

Noon. 

18*3 

12*5 

2 

15*3 

13*3 

4 

14*4 

12*2 

0 

12*7 

12*2 

8 

12*2 

12-0 

10 

11-7 

12*2 

xMidn. 

12*0 

12*2 

2 

12*7 

iro 

4 

12*5 

11*0 

0 

12*7 

12*0 

8 

12*5 

12*0 

10 

14*7 

ll-d 

Noon. 

13*3 

11*6 


Date and Position. 


August 13th. . 


August 14th. . 


At Stornoway . 


August 15th. 


At Stornoway . 


August ICth. . 


Lat. 59” 21' N. ) 
Long. 0” 58' W. ( 


August 17th. 



5^ 


Hour. 

remperatu] 
of Air. 

t =3 

a 02 

^ S 

a; OJ 





I>«'g. 

Coat. 

Dog. 

Coat. 

2 

12*5 

ll*G 

4 

12*7 

12*2 

6 

13*3 

11*G 

8 

12*0 

12*7 

10 

11*4 

ITG 

Midn. 

11*1 

12*2 

2 

11*G 

12*0 

4 

11*4 

11*4 

0 

11*4 

12*2 

8 

13*3 

12*0 

10 

12*7 


Noon. 

15*5 

12*2 

2 

1G*1 

12*5 

4 

15*0 

12*7 

() 

14*7 


8 

13*3 

12*2 

10 

13*3 

12*5 

Midn. 

12*7 

12*2 

2 

13*3 

12*2 

4 

13*3 

12*2 

0 

13*3 

12*2 

8 

13*9 

12*2 

10 

13*9 

12*2 

Noon. 

14*4 

12*2 

2 

15*8 

12*5 

4 

1G*1 

12*5 

C) 

15*5 

12*5 

8 

13*3 

12 5 

10 

12*7 

12*7 

Midn. 

13*0 

12*2 

2 

12*7 

12*2 

4 

12*7 

12*2 

G 

13*3 

12*2 

8 

13*3 

12*2 

10 

13G 

12*2 

Noon. 

13*3 

12*0 

2 

13*0 

12*2 

4 

13-3 

12*2 

G 

13-3 

12*2 

8 

12*7 

12*2 

10 

12*5 

12*2 

Midn. 

12*2 

12*2 

2 

11*1 

11*G 
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1 

0) ; 

P ! 

<u y 
b ^ 




ti 

Date aiul rosition. 

Hour. 

einperat 
of Air 

1 5 ' 

i 

Data and roslLion. 

Hour. 

S 0 

tl 

z h i 



H 

i 




H 

Hv- i 
‘ 1 



I'ca. 1 




Dl-. 

( 



Ut'iit. 

C.'iit j 



Cent. 

Cult 

August 17th. . 

4 

0 

12-2 

12-2 

11*9 ; 
11*9 ; 

Lat. ()()' 35' N. ( 
Lnitg. ti' *11' W . \ 

Noon. 

13*3 

11*4 


8 

12*2 



2 

127 

11*4 


10 

i:l9 

12*2 


4 

12*2 

ll-G 

Lat. f)!)" 30' N. ) 
Long. 7" 12' W. j 

Noon. 

13*9 

12*2 


() 

8 

9*4 

9*4 

11*4 

10*5 


2 

13-(> 

11*9 


10 

9*7 

10*0 


4 

14-1 

11*9 ' 


Midn. 

10*0 

9*4 


6 

130 

11*9 

August 2 1st. . 

^■2 

lOO 

9*4 


8 

12‘5 

11*4 ' 


4 

9*1 

9*4 


10 

127 

11*1 


G 

10*0 

9*4 


MMn. 

12‘2 

11*1 


8 

10*0 

10*0 

August 18th. . 

2 

12*2 

105 ■ 


10 

13*6 

9*7 

4 

12*2 

11*1 

OIF Sando in ) 

Noon. 

13*3 

9*1 


6 

127 

11*1 

Firroe Islands j 


8 

13*9 

11*4 

2 

1 11*4 

8*8 


10 

13*6 

10*8 


4 

1 11*7 

9*1 

Lat. G(r25;N. ) 
Long. 8" d' W. J 

Noon. 

13*6 

11*4 


0 

8 

' 11*4 
10*5 

9*1 

9*1 

2 

127 

11*1 


10 

j 10*8 

9*4 


4 

12*5 

10*8 


Midn. 

i 10*5 

9*4 


() 

12*2 

: 11 1 

August 22nd 

2 

1 10*5 

9*1 


8 

12*2 

1 11*1 

i 

4 

' 10*8 

9*4 


10 

12*2 

! 11*1 


6 

! 11*1 

9*1 


Midn. 

12*2 

! 11*1 

i 

8 

i 11*0 

9*4 

August 19th . . 

2 

12*2 

1 11*1 

1 

10 

1 12*7 

9*4 

4 

12*2 

1 111 

At Thorsliavii . 

Noon. 

i 14*4 

9*4 


() 

127 

1 11*4 


2 

1 13*3 

9*7 


8 

127 

1 11*4 


4 

1 12*2 

10*0 


10 

13*3 

1 11*4 


G 

' 13*3 

9*7 

Lat. GCrL-VN. ) 

Noon. 

1 O'*? 

11*1 


8 

! 10*5 

9*4 

Long. 6° 41' W. S' 

XJi / 


10 

: 10*0 

9*4 


2 

13*3 

11*1 j 


IMidii. 

10*0 

9*4 


4 

13*9 


' August 23rd 

2 

9-4 

9*4 


(J 

12*7 

iri 


4 




8 

127 

11-1 

1 

G 

10*8 

9*4 


10 

127 

11*1 . 


8 

10*5 

9*4 


Midn. 

12*2 

10*5 : 

' 

10 

127 

9*7 

August 20th . . 

2 

12*2 

10*9 i 

; At Thorshavii . 

0011. 

127 

9*7 


4 

12*0 

100 I 


2 

127 

9*4 


() 

12*2 

10*8 ; 


4 

12*7 

9*4 


8 

12T) 

10*0 i 

1 

6 

12*2 

i 0-d 


10 

12*5 

10-3 1 

j 

8 

11*G 

9*1 

^ _ 



i 
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Date and Position. 


August 23r(l 
August 24tli . . 

About 10 miles ) 
East of llaalso ( 


August 2oth . . 


Lat. ) 

Long. 3^ 43' \V. ( 


August 26th . 


Lat. CrM4'N. } 
Long. 3 b' W . ) 



1 . 

<Q I3> 

i 

1 


g 

o <o 
§1 

Hour. 

"rt .is 

i ® 


i Date and Posititm. 

Hour. 

g.b* 

S 0 

S3 

ica 




! 

1 

H 


D(‘K. 

De- 

1 


Dej?. 

Deg. 


Out. 

CtMlt. 

' 

1 

Cent. 

Cent. 

10 

ll'l 

9-4 

1 Augu.st27th. . 

I 8 

11*1 

11*4 

; IMidn. 

111 

9*1 

10 

11*6 

11*6 

: 2 

1 4 

111 

11*1 

9*1 

9-4 

Lnt. 60^26'N. ) 
Long. 0° 13' E. j 

Noon. 

12*3 

11*6 

6 

11-1 

9*4 


2 

13*3 

12*2 

« 

11-4 

9*1 


4 

12*2 

11*9 

10 

11-6 

9*1 


6 

11*1 

11*9 

Noon. 

13-5 

9*1 


8 

11*1 

12*2 



10 

10-0 

12*2 

2 

12*0 

9*7 


JMidn. 

9*4 

11*1 

4 

13-3 

100 

August 28tli . . 

2 

10*3 

11*6 

6 

111 

9*4 


4 

12*2 

11*6 

8 

ll'I 

9*4 


6 

11*9 

11*9 

10 

10-5 

9*4 


8 

10-0 

11*1 

Midn. 

11-1 

9*4 


10 

10*0 

11*1 

2 

1L6 

9*7 

At Lerwick . . 

Noon. 

9*4 

11*1 

4 

11-6 

9*7 


2 

1(V3 

11*1 

6 

12-5 

9*4 


4 

11*1 

11*1 ; 

8 

12T) 

9*7 


6 

9*7 

11*1 1 

! 10 

12-3 

9*4 


8 

8*8 

11*1 

Noon. 

12*2 

9*4 


10 

Midn. 

7*5 

7*2 

11*1 
11*1 1 

2 

12*2 

9*7 

August 20lh . . 

2 

7*2 

11*1 

4 

ll*() 

9*4 


4 

7*7 

10*3 

6 

11*0 

9*4 


6 

7*7 

11*4 

8 

11*4 

9*7 


8 

j 9*4 

11-1 

10 

11*4 

9*1 


10 

9*7 

11*1 

1 JMidii. 

12*0 

10*3 

At Lerwick . , 

Noon. 

9*4 

11*1 

' 2 

12*0 

1 1*1 


2 

9*4 

11*1 

4 

12*0 

11*1 ■ 


4 

9*4 

11*1 

6 ! 

12*0 

11*1 


6 

9*1 

11*1 

« j 

12*0 

11*4 , 


8 

7*7 

11*1 

10 

12*2 

11*6 : 


10 1 

7*7 

10*8 • 

Noon. 

12*7 

11*4 ■ 

August 30th . . 

Midn. 

2 

8*9 

8*3 

10*8 

11*1 

2 ' 

12*7 

11*4 


4 

7*7 


4 : 

11*6 

11*4 


6 

8*3 

10*8 

6 ; 

11*1 

11*4 


8 

10*3 

11*1 

8 

11*6 

11*4 


10 

11*1 

11*1 

10 , 

JLG 

111 ! 

At Lerwick . . 

Noon. 

11*6 

11*1 ' 

J\ridn. 1 

11*4 

11*1 i 


2 

12*7 

11*4 ' 

2 i 

111 

11*1 


4 

12*2 

11*1 

4 1 

11*1 

11*1 1 


6 



i 

HI 

11*1 ;! 


8 

7*7 

j 

111 


August 27th . . 
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Date anil Position. 

August 30th . . 
August 31st . . 

At Lerwick . . 


Soptoniber Lst . 


Lat. 00" 27' N. } 
Long. 3° 11' W. f 


September 2nd . 


Lat. 00'’20'N. \ 
Long. 4' 38' \V. ) 


September 3rd . 



o ' 

0) V 

Hour. 

t < 

? o 

Scfi 


_ l._ 




Dej?. 



Cfiit. 

10 

7-2 

Ill 

Midll. 

G'() 

111 

2 

7-2 

10-5 

4 

7*7 

lOf) 

() 

lo-o 

11-1 

8 

10-0 

111 

10 

11-6 

10*8 

Noon. 

12-2 

111 


i:v() 

ll-l 

4 

11*1 

114 

(; 

10-5 

111 

8 

11-1 

11 1 

10 

10-8 

10-8 

MMn. 

10*5 

111 

2 

Ifl 

11-1 

4 

IM 

11-6 

6 

11*6 

11*6 

8 

11*6 

llO 

10 

11-1 

11-4 

Noon. 

iri 

11-6 

2 

12-2 

11-6 

4 

13*3 

11- 1 

6 

11 '6 

11] 

8 

11*4 

I 111 

10 

ll-l 

1 l)-(! 

Midn. 

IJ'l 

1 ll() 

2 

10-8 

1 10-8 

4 

10-8 

1 10’5 

6 

1 11-1 

1 10-3 

8 

1 iri 

' 10*3 

10 

1 114 

10-3 

, Noon. 

j 11-4 

10*0 

2 

i iri 

1 UV3 

1 d 

! n-(> 

j 10*5 

6 

i 11-6 

1 IM 

8 

j ii-i 

I 11 1 

10 

i ii-() 

ll'l 

Midn. 

: 11-1 

1 iro 

2 

i 11*6 

1 111 

^ 4 

j 114 

1 11-1 

6 

! Il l 

! ll-(5 

8 

]}-6 

! Il l) 


Date and Position. 


September 3id . 
Lat. 00" 3' N. / 
Long. 5" 10' \V. J 


September 4th . 


Lat. } 

Long. ■ O" 35' W. j 


September otli . 


Lat. 50" 38' N. ) 
Long. 8‘"25'W. j 


, September 6th . 


Lat. 50° 37' N. ) 
Long. 9" 4' \V. j 



g 





3 

i i 

t -A 

& 

E 3 

T 'h 





J).-- 

De;?. 


Cl-Mt 

(Ji-nt. 

10 

13-0 

iro 

Noon. 

12'7 

11-6 

2 

12‘5 

11 *6 i 

4 

12-2 

IIC) : 

6 

12-2 

li t ; 

8 

12-5 

11-4 ' 

10. 

12*7 

11-6 ; 

Midn. 

12*7 

12-2 

2 

12-7 

12*2 

4 

13-3 

12'2 1 

() 

13-9 

12-5 i 

8 

i 13’9 

12’5 1 

10 

i l-l'd 

12-2 

Noon. 

i 13*3 

12*2 

2 

13'3 

12*2 

4 

13-0 

12'2 

6 

' 12*7 

' 12-2 1 

8 

■ 12‘7 

' lit) 

10 

i 12-2 

ii-i; 

MiOn. 

' 12*5 

12MI 

2 

12-2 

]2'() 

4 

12’5 

I I'd 

6 

127 

ll'd 

8 

127 

Ll'd i 

JO 

i3‘3 

]2'0 i 

Noon. 

14'! 

' 12-2 

2 

13-() 

iro 

4 

12-0 

i ii*d 

6 

114 

ll'd 

8 

11-1 

ll'd 

10 

10-8 

; ll'l 

Midn. 

114 

' 11*4 

2 

114 

11 '4 

4 

114 

' H'J 

6 

i 12-2 

1 I'd 

8 

■ 13*0 

1 1 -d 

10 

127 

120 

i Noon. 

1 127 

12'2 

1 2 

13-0 


: 4 

127 

1 12*2 



344 


THE DEPTHS OP THE SEA. 


[chap. VII. 


Date and Position. 


September 6tli . 


! September 7th . 


I Lilt. 51)^ 41' N. ) 
j Long. V '6'2' W. j 


September 8tli . 


Lilt. 59'’ r N. ) 
Long, ii" 35' W. ] 


September Otli . 


At Stornoway . 


September 10th 


; Hour. 

Temperature 
of Air. 

Temperature 
of Soa-lSuijface. 

() 

Deg 

Tent. 

12-2 

Drg. 

120 

8 

12-2 

12-2 

( 10 

12-2 

12*2 

Midii. 

11(3 

ll-G 

2 

11*4 

11*6 

4 

10-5 

11*6 

0 

10*5 

11*9 

8 

12-2 

11*6 

10 

14-7 

11*9 

, Noon. 

15*5 

12*2 

2 

13-9 

12*2 

4 

13-3 

12*2 

0 

12*7 

12*2 

8 

12-5 

12*5 

10 

12-7 

12*2 

i\li(ln. 

12-2 

12*2 

2 

12-2 

11*6 

4 

12-7 

11*9 

0 

12-7 

11*9 

8 

13*() 

12*2 

10 

15-0 

127 

Noon. 

14-4 

127 

2 

15-3 

127 

4 

15-5 

127 

6 

13-3 

12*5 

8 

13-3 

12*5 

10 

13-3 

13*0 

Midn. 

127 

13*0 

2 

13-3 

127 

4 

13-3 

127 

6 

13-3 

127 

8 

13*0 

127 

10 

13-3 

12*7 

Noon. 

13-9 

127 

2 

4 

14-4 

12*7 

(3 

15-3 

12*7 

8 

15-5 

12*7 

10 

15*5 

13*3 

Midn. 

15*5 

127 

2 

13-9 

127 

4 

14-4 

127 


Date and Position. 

September 10th 
At Stornoway . 

September 11th 

At Stornoway . 

September 12 th 

At Stornoway . 

September 13 th 

In Loch SheiL ) 
dag . . . . [ 


Hour. 

Temperature 
of Air. 

Temperature 
. of Sea-!Surface. 

6 

Deg. 

Cent. 

14*4 

Deg. 

Cent. 

12*7 

8 

15*0 

127 

10 

13*9 

127 

Noon. 

16-3 

13*3 

2 

1(;*3 

13*9 

4 

15*0 

13*6 

6 

13*9 

13*3 

8 

12*7 

13*3 

10 

12*2 

13*0 

Midn. 

11*6 

127 

2 

11-1 

127 

4 

11*1 

12*7 

6 

11*1 

127 

8 

11*1 

127 

10 

13*9 

12*7 

Noon. 

15*3 

127 

2 

13*3 

12*2 

4 

11*6 

127 

6 

11*4 

127 

8 

10*8 

127 

10 

97 

12*2 

Midn. 

9*4 

12*2 

2 

9*1 

12*2 

4 

8*9 

12*2 

6 

9*4 

12*2 

8 

11*4 

12*2 

10 

12*5 

]2'2 

Noon. 

12*7 

12*2 

2 

127 

12*5 

4 

127 

12*5 

6 

11*1 

12*2 

8 

10*5 

12*2 

10 

lOO 

12*2 

Midn. 

ILl 

12*0 

2 

10*0 

11*6 

4 

9*1 

111 

6 

11*1 

11*6 

8 

iri 

11*6 

10 

13*0 

12*2 

Noon. 

12*2 

12*0 

2 

14*1 

12*2 

4 

14-4 

12‘2 1 

6 

13'9 

12*2 



C!HAP. VU.] 


BEEP-SEA TEMPERATURES. 


345 




2 

0 

t'i 

5 -iS 



£ 

3 

II 

Date and Position. 

Hour. 

mperat 
of Air. 

53:0 

vs i; 

Date and Position. 

Hour. 

c"o 

£ 



a; 

O ^ 







H 

^'o 



H 

O 



Deg. 

Deg. 



Dog. 

Deg. 



Cent. 

fi'iit. 



Cent. 

Cent. 

September 13th 

8 

13*0 

12-2 

Abreast of Mull 

Noon. 

12-7 

13-0 

10 

12-2 

12-2 : 


2 

14-4 

13-3 


Midn. 

12-2 

12-2 


4 

14-4 

13-3 

September 14th 

2 

110 

12-5 1 


6 

130 

127 

4 

12-2 

12-2 i 


8 

13’0 

13-3 


6 

12-5 j 

12-2 i 


10 

12-5 

13*0 


8 

12-2 1 

12*7 1 


Midii. 

12-0 

13-0 


10 

11*G ' 

12-7 1 



1 



II. SuilKACli TeMPEHATUUKS observed DUlllNO THE Bujijieu of 1870. 




<u 

<0 6 
Is 

S 3 



£ 

4) a> 

C o 

Date and Position. 

Hour. 

'mperatu 
of Air. 

Date and Position. 

Hour. 

3 

"rf 

4) 

go 

3,rt 

1” 
g .1^ 



H 




H 




Deg. 

D('g. 



Deg. 

D(‘g. 

July 0th . . . 

2 

Cent. 

13-9 

Cent. 

12-2 

July 7th .. . 

0 

C(*nt. 

19*4 

Cent. 

10-4 


4 

14-4 

1>.!7 


8 

17'2 

10-1 


0 

13*!) 

12-5 


10 

10*9 

10-4 


8 

147 

147 


Midn. 

101) 

l()-4 


10 

15-3 

130 

00 

2 

16(i 

10-1 

Off Scilly Islands 

Noon. 

18-0 

18-3 

4 

lo-l 

16-1 


2 

lO'T 

17’4 


0 

1 0-9 

161 


4 

19*4 

18-3 


8 

19-1 

10*2 


6 

18-9 

18-3 


10 

20-8 

101 


8 

10 

17-4 

10-0 

177 

17-2 

Lat. dS^Sl'N. 1 
Loug. 10“ 6' W. f 

Noon. 

19-0 

17-2 


Midii. 

10*1 

17-2 

2 

20-0 

17-5 

July 7th . . . 

2 

10-6 

160 


4 

181) 

17’5 


4 

10*6 

10*6 


6 

1,9-1 

17*5 


6 

10-6 

1015 


8 

177 

17-2 


8 

10-9 

10-9 


10 

10-9 

17-2 

Lat. 48M9'N. ) 
Long. 9° 35' W. / 

10 

177 

10'4 


Midn. 

10-0 

10-9 

Noon. 

18-3 

16'4 

July 9 th . . . 

2 

4 

10-1 

160 

16-9 

10-0 

2 

19-4 

16*4 


' 0 

10-1 

lO'O 


4 

18*9 

17*2 


8 

10*1 

16-0 
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i! 


1 




2 

h - 

{ 


emperature 
of Air. 


Date and Position. 

w 

£ o 

o 

2 => 
£73 

i » 

Date and Position. 

Hour. 

ft rr* 



H 

^0 




^”5 



Dej?. 

Deg. 



Deg. 

Dog. 

July 9th . . . 

10 

Cent. 

17-5 

Cent. 

10-0 

i July 12 Lh . . 

0 

Cent. 

17-9 

Cent. 

18-() 

Lat. 48“ 20 ' N. ) 
Long. 9“ 43' VV. j 

Noon. 

17-5 

10*0 

8 

10 

; !()•() 
lUG 

18*0 

17*2 


2 

lG-4 

16*0 


Midii. 

Ki-G 

17-7 


4 

17-2 

10*0 

; July 13tli . . 

2 

' 17*2 

177 


() 

lG-4 

10*0 

4 

17*5 

18-3 


8 

lG-4 

10*1 


0 

17*7 

177 


10 

1()*6 

!(>•() 


8 

18*0 

17*43 

July loth . . 

Midn. 

1(31 

10*4 


10 

18!) 

17 7 

2 

4 

1(31 

1(3*4 

10*0 

10*4 

Lat. 4e.'>9' N. 1 
Long. 9' 33' \V. \ 

Noon. 

197 

18*2 


6 

1(3*0 

10*4 

2 

211 

18*9 


8 

10*4 

10*4 


4 

22*5 

18-9 


10 

17*3 

10*0 


0 

211 

18-3 

Lit. 48“28'N. ) 
Long. 9° 42' W. j 

Noon. 

10*1 

10*0 


8 

10 

17*5 

17*5 

18*3 

18*0 


2 

17*7 

1()'9 


Midn. 

17*2 

18*0 


4 

19-4 

l(>-9 

July 14th . . 

2 

177 

17-9 


G 

19-0 

10*0 

4 

17*2 

17*2 


8 

10*2 

10*0 


6 

1()*9 

10*1 


10 

10*1 

10*1 

. 

8 

18*3 

10*1 

July lull . . 

Midii. 

10*1 

10 1 


10 

18*0 

15*5 

2 

10*1 

10*0 

Cape Fiin’stcrre, ) 


. 

4 

10*4 

10*4 

E. N. N. } 

Noon. 

18*0 

15*8 


6 

10*4 

101 

10 miles . ) 





8 

l<S-3 

101 


2 

ISO 

15*8 

Lnt. 48° 8 'N. ) 
Long. 9° 18' \V. i 

10 

18-0 

100 


4 

191 

15-8 

Noon. 

18*0 

10*9 


0 

8 

17-5 

100 

15 8 
15*5 


2 

18*4 

17*2 


10 

10*0 

15*8 


4 

191 

17*3 


Midn. 

10*0 

10*1 


G 

17*3 

17*4 

July 15th , . 

2 

10*0 

10*1 


8 

10*0 

10-0 


4 

100 

10*0 


10 

17*2 

17*2 1 


0 

17*5 

10*4 

July 12 th . . 

jMidn. 

17-2 

17*7 ! 


8 

18*3 

]0*9 

2 

17*2 

17*7 1 


10 

18-9 

17*2 


4 

17*7 

17*7 i; 

Lat. 42° 1 r N. ) 

Noon. 

2 ()-() 

10*4 


6 

17*4 

180 1 

Long. 9° 13' W. 3 


8 

17*7 

18-3 Ij 


2 

22-3 

17*5 

1 

I Lat. 4r)°2f)'N. 1 
’ Long. 9° 31' “W. ) I 

10 

18*0 

180 1 


4 

21*2 

17*9 

Noon. 

191 

18-2 


6 

8 

190 

17*9 

18*9 

18*9 


2 

19*1 

18*0 


10 

177 

18*9 

* 

4 


18*0 


Midn. 

18*9 

19*3 
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o 

oj 6 




(U 3> 

Date and Position. 

Hour. 

emperatur 
of Air. 

g 3 

aitfi 

p D 

SM 

Date and Position. 

Hour. 

emperatur 
of Air. 

U V 

II 

OJ'/J 

p 

S :w 



H 

^ o 

! 




^■5 



Deg. 

Dug. ! 



Deg. 

Deg. 



Cent. 

C’eiit. j 



Cent. 

Cent. 

July 16th . . 

2 

15*5 

190 1 

July 19 th . . 

2 

20'3 

IS-O 


4 

17-2 

18-1) 1 


4 

20*3 

18-0 


(1 

18-3 

17-9 ! 


G 

19-5 

17'9 


8 

20-1 

19-4 i 


8 

19*4 

18-3 


10 

:!3-2 

17-9 1 


10 

18-9 

18-4 

At Vigo . . . 

Noon. 

23*0 

17-8 ; 


Midn. 

18G 

18-4 

2 

23-0 

17*9 1 

July 20th . . 

2 

18-3 

18*3 


4 

23-4 

18*0 j 


4 

18*3 

18‘3 


« 

2rr) 

17-2 


G 

19'4 

18-4 


8 

IH-4 

lG-1 


8 

24*4 

18'9 


ID 

17-7 

IGG 


10 

23-3 

2()‘5 

July 17th . . 

Micln. 

2 

17-2 

177 

1G9 ' 
IG l : 

4(1’ O' N. ) 
Long. 9' 49' W. j 

Noun. 

21-4 

21*1 

4 

17-5 

lG-5 1 

2 

25-5 

2M 


() 

177 

IG-G 1 


4 

2G‘3 

21*8 


8 

107 

lG-4 1 


6 

23-3 

Sil-8 


10 

22*2 

ui-i 


8 

2rG 

197 

At Vigo . , . 

Noon. 

32-2 

lG-4 


10 

2r3 

20-8 


2 

2()-() 

lG-9 


Midn. 

21-3 

20*5 


4 

25-8 

15-8 i 

July 21st . . . 

2 

21*1 

2()’r) 


6 

22*5 

lGt4 ! 

4 

21-5 

197 


8 

20-8 

IG‘4 i 


C 

23*3 

18‘9 


10 

20*0 

IG’5 


8 

227 

19'4 


Midn. 

18'G 

lG-2 


10 

24*5 

19’4 

July IStli . . 

2 

4. 

18‘3 

177 

lG-4 

Lat. 39\39'N. ) 
Long. 9’30'W. ) 

Noon. 

2r)T) 

19-4 


(> 

18-0 

lG-1 


2 

2rr0 

19'4 


8 

10-4 

IG-G 


4 

23*9 

197 


10 

18*0 



G 

21 '8 

19'4 

Lat. 4l“5r)'N. ( 
Long. ;3()' \V. ) 

Noon. 

10-1 

lG-2 


8 

10 

20*1 

19-G 

19-4 

19*4 

2 

18-G 

lG-3 


Miiln. 

19-5 

19*1 


4 

18*9 

1G3 

July 22nd . . 

2 

19-4 

18-9 


G 

18’9 

IG'4 

1 

4 

18‘9 

18-9 


8 

18-3 

lG-6 

I 

() 

20-0 

18*2 


10 

18-3 

IG'G 

1 

8 

21*2 

18-3 


Midn. 

177 

16*4 


10 

25*0 

19-4 

July 10th . . 

2 

177 

lG-9 

The Farilhoos, ( 

Noon. 

2r)'{) 

18‘9 


4 

177 

lG-9 

S.S.E. 5 miles j 



(i 

19-4 

1G9 


2 

23-9 

19-1 


8 

20-8 

17-5 


4 

23'3 

20 5 


10 

20-1 

177 


G 

23*9 

19-4 

Lat. 40° IC)' N. ) 

Noon. 

20-3 

17*9 


8 

20*0 

19-4 

Long. 9° 33' W. ( 


10 

18-9 

18*3 
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Date and Position. 


Lat. 38’ 17' N. ( 
Long, y" 23' \V. \ 


July 27th 


Lit. 37 ’ 18 ' N. ) 
Long, y’ 12' W. ) 


July 28th 


hit. 3(5’ 7)5' N. ) 
Long. 8’ 44' W. ) 


July 29th 


Lat. 3C’45'N. ) 
Long. 8° 8' W. j 
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4) 




£ 




3 






Date aiul Position. 

p 

o 

W 

S o 

V 

& e3 

Date and Position. 

Hoii 


u 3 
% -jp 

a) fi 



H 

1 



E- 

H V, 

O 







De^,^ 

Deg. 



c«iit j 

I 



Cent. 

Cent. 

July 29th . . 

G 

22*2 1 

22T) ! 

August 2nd . . 

8 

217 

23*2 

8 

21-1 1 

22-3 ! 


10 

22*8 

24*4 


10 

Mi dll. 

21-1 1 
20-5 : 

21 G ; 
214) 

Lat. 36" 18' N. | 
Long. 6" 45' W. i 

Noon. ; 

22-8 

23*0 

July 30th . . 

2 

20-3 

21*9 

i 

2 ! 

22*5 

23*0 

4 

2:)-5 

22-2 ! 


4 i 

22*7 

234) 


G 

2 o-r> 

22-8 1 



21-8 

22*8 


8 

22*4 

22 5 ! 


8 i 

21-2 

22*2 


10 

23-3 

22-9 j 


10 ! 

21-3 

22*5 

Lat. 36" 27' N. 1 

Noon. 

23*9 

23-1 , 


Main. ! 

21-1 

22*2 

Long 6“ 39' W. 1 

August 3rd . . 


20*5 

220 , 

2 

25*3 

24-1 


4 

20*5 

22*0 


4 

22T) 

24*1 


G 

21*8 

22*8 


G 

22-8 

24*2 


8 

237 

22*2 


8 

2l‘G 

24-1 


10 

23*3 

21*8 


10 

Midn. 

21-G 

21-5 

24-3 
24*3 ! 

Lat. 35" 39' N. ) 
Long. 7" 4' W. i 

Noon. 

21G 

22*0 

JulySlst. . . 

2 

21*1 

22-8 j 


2 

224*) 

22*2 

•4 

21*9 

23-3 


4 

24*1 

22*2 


G 

2r9 

23 G 


6 

23*2 

22*2 


8 

22-5 

24-1 


6 

, 21-8 

22*2 


10 

24T) 

1 23-9 


10 

1 21-8 

22*0 

At Cadiz . . . 

Noon. 

. 25'2 

1 244) 


Midn. 

22*5 

22*0 


2 

20-1 

24-1 

August 4t]i . . 


1 22‘2 

1 22*2 


4 

24-0 

24-3 

! 4 

1 22*2 

22*2 


G 

24-0 

j 24'4 


: G 

23*2 

22*2 


8 

23’4 

1 24-4 


8 

23-9 

22*2 


10 

227 

24-1 


i 10 

21-4 

23*3 


Midn. 

22T) 

24-1 

Lat. 35" 35' N. ) 

Noon. 

1 

254) 

23*3 

August 1st . . 

2 

22‘3 1 

23-9 

■ Lung. G^ 24' "\V. ) 

4 

214) 

22'8 


1 2 i 

; 27*2 

23*4 


G 

22'5 

; 23-9 


I 4 

25*G 

23*3 


8 

24-4 

24-1 1 


i G 

24*4 

23*3 


10 

24-1 

24-4 


1 8 

22*2 

21*8 

At Cadiz . . . 

Noon. 

23-9 

247 


1 10 

22*2 

22*0 


2 

2341 

24-4 


i Midn. 

22*2 

22*2 


4 

234) 

24‘4 

October 1st . . 

i 2 

17*4 

18*9 


G 

21-G 

23-3 


i 4 

17*8 

18*9 


8 

21-G 

23'G 


i G 

18*0 

184) 

! 

10 

2143 

23 9 

; 

! 8 

19*4 

17*9 


Midn. 

21-8 

23-9 


10 , 

22*1 

21*5 

August 2iid . . 

2 

21*9 

23-3 

In Strait of ) 

Noon. 

23'3 

22*2 


4 

21-3 
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G 
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1 

2 

21*1 
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£ 

1 

Date and Position. 

Hour, 

E?mi>erati] 
ot Air. 

■s's 
s ^ 

a. CO 
g’cS 

E 

Date and Position 

Hour. 

eniperati 
of Air. 





H'g 



H 





Do-. 



Deg. 

Deg. 




Cent. 

October 5th . . 


Cent. 

Cent. 

October 1st , . 

4 

22T) 

22*8 

2 

18*3 

18*9 


() 

22-0 

22*() 


4 

18*6 

19*4 


8 

ai-i 

22*5 


6 

17*5 

18*3 

1 

1 

10 

21'5 

22*2 


8 

17*2 

17*2 

1 

Midn. 

2()-8 

22*G 


10 

19*8 

18*3 

October 2nd . . 

2 

4 

21'1 

22*3 

22*8 

23*3 

Lat. 43° 33' N. ) 
Long. 9° 3'W. S 

Noon. 

20*0 

17*7 


0 

22*0 

22*9 


2 

20*5 

19*1 


8 

24*7 

23*2 


4 

19*8 

19*3 


10 

24*7 

23*3 


6 

18*3 

19*4 

Lilt. 3(r 27' N. ) 
Long, y*" 31' VV. j 
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21*1 

23*3 


8 

10 
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18*5 

18*6 

19*4 

2 

22-6 

23*4 
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18*3 

18*9 


4 

23*7 

23*0 

October 6th . . 

2 

18*1 

19*4 


. () 

20*5 

22*5 


4 

18*3 

19*1 


8 

2t>*r) 

20*5 


6 

18*3 

18*9 


10 

20*5 

20*8 


8 

18*9 

18*8 


Midn. 

20*5 

21*6 


10 

20*1 

18-6 

October 3i‘d . . 

2 

4 

20*0 

19*4 

21*1 

18*3 

Lat. 46° 12' N. ) 
Long. 8° 8'W. i 

Noon. 

20’0 

18*4 


6 

19-1 

20*5 


2 

19*5 

18’6 


8 

18-3 

20*8 


4 

19*3 

18*4 


10 

18-0 

20*5 


6 

18*3 

18-0 

Lat. 38*^ 39' N. ) 
Long. 9*’ 'Siy W. i 

Noon. 

22*2 

20*3 


8 

10 

18*3 

17*9 

18*3 

18*3 

2 

21 -G 

20*5 


Midn. 

18*3 

17*7 


4 

21*1 

21*1 

October 7th . . 

2 

18*2 

16*6 


6 

20*5 

20*6 


4 

17*6 

16*6 


8 

20*0 

19*8 


6 

16*7 

16*6 


10 

20*G 

20*3 


8 

16*6 

17’2 


Midn. 

20*5 

20*5 


10 

17*5 

17*2 

October 4tli . . 

2 

4 

20*8 

20*6 

21*1 

21*1 

Lat. 48° 51' N. ) 
Long. 5° 54' W. j 

Noon. 

17*5 

17*0 


() 

21*1 

21*1 


2 

17*7 

16*9 


8 

21 -G 

21*5 ' 


4 

17*7 

13*6 
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22*2 

21*0 
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15*3 

13*6 

Lat. 40" 57' N. ) 
Long. 9"WW. i 

Noon. 

22*2 

21*9 


8 

10 

14*7 

15*3 

.14*1 

14*4 

2 

22*9 

21*1 


Midn. 

16*1 

15*5 


4 

22*2 

21-0 

October 8 th . . 

2 

15*5 

15*5 


0 

20*0 

20*5 


4 

15*0 

15*8 


8 

20*3 

20*4 


6 

15*6 

16*0 


10 

18*9 

19*4 


8 

16*1 

16*1 

& 

Midn. 

19*3 

19*4 


10 

16*6 

16*4 
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Date and Po.sition. 

Hour, 

Temperature 
of Air. 

Temperature 
of Sea-Surface. 

1 Date and Position. 

1 

! 

Hour. 

Temperature 
of Air. 

Temperature 
of Sea-Surface. 



Dog. 

Dog. 

' 


Dog. 

Deg. 



Cent. 

Cent. 

i 


Cent. 

Cent. 

St. Alban's Hd., 'j 




1 October 8th . . 

6 

150 

15-8 

Endish Chan- > 

Noon. 

18-6 

16*2 

1 

8 

14*7 

15*7 

nel . . . . ) 





10 

15*5 

150 


2 

19*5 

16*0 

At Cowes . . 

Mid 11. 

15*3 

15-5 


4 

16*6 

15*8 

ii 
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APPENDIX B. 


Tempcmturfi of the Sea at different Depths near the Eastern 
Margin of the North Atlantic Basin, as ascertained hy Serial 
and by Bottom Soundings, 





Hr.\L Soundings. 



Bottom Soundings. 
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APPENDIX (\ 


Compm'dlirc of Red nd Ion of Tcoipeiud are irifli Increase of 
J)ep11i at Three Sfoilons in differenf Latit)ules, oil of them on 
the Eastern Mar(fin of the Aflantle Basin. 
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APPENDIX D. 


Taupe rat are. of the Sect at differemt Depths in the Warm and 
Cutd Areas lyimj between the North of Scotland, the Shetland 
Islands, and the Fwroe Islands ; as ascertained hy Serial and 
hy Bottom Soundings. 

N.li. — The Itoman numerals iiulicaic the ^Li^htningf ’ Tcmj^eratiire Soundings, 
correctcil for pressure. 


Warm Aura. ■ Cold Auka. 


Series S7. 

1 




Series 04. 

Her 0'^ 

Sta- 


Surfaee 

Bottoii 



Ht.il- 


Huvfiiee 
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■ — “ 

iiiiu. 

Depth. 
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I’miipe.- 
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Depth. Teni]Ui- 

Teiiipe 
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Teiiijie- 
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rature. 
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riiture. 

IVinpe- 
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APPENDIX E. 


Intermediate Bottom Tem/peraUire^y shovHnf/ the Intmnixivre of 
Warm and Cold Currents on the Borders of the Warm and 
Gold Areas, 


station. 

No. 

D(“i>th. 

Surface 

Tempera- 

ture. 

Bottom 

Tempera- 

ture. 

Stjitioii. 

No. 

Depth. 

Surface? 

Tempera- 

tuic. 

Bottom 

Tempera- 

ture, 

72 

Fathoms. 

7G 

Dck. 

eVut, 

11*3 

Cent. 

9-3 

' 75 

Fatlioin.s 

250 

(’cut 

10\S 

(.'cut. 

5-5 

79 

7G 

11-2 

9-3 

78 

200 

11-2 

.5-3 

i 

73 

84 

IIT) 

9*3 

82 ! 

312 

11-3 

1 

71 

103 

iro 

9-2 

83 

362 

11’8 

' 3*0 

I 

74 

203 

11-4 

8*7 



! 

1 1 


267 

Jl-4 

7*6 

15 

440 

ll)*9 

5*6 


A A 2 



CHAPTEH VITT. 

T TI E G U T, P - S T E p; A. ir. 

Tlio Ilango of the. ‘ I'o veil pine ’ Temperature Obi^orvations. -Low 
Temperatures universal at great Dciiths. — Tlie Dillieiilty of in- 
vestigating Oecan Lurrents. — The Doctrine of a general Oceanic 
(Circulation advocated by Captain ^laury and by Dr. Carpenter. - • 
Opinion express(Hl by Sir John Herschel. — The Origin and Exten- 
sion of the Gulf-stream. — The Views of (Captain !^^aury ; of Pro- 
fessor Buff ; of Dr. Carpenter. — The Gulf-stream off the Coast of 
North America. — Professor Bachc^s ‘Sections.’ — The Gulf-stream 
traced by the Surface Temj^eratures of the North Atlantic — Mr. 
Eindlay’s Views. — Dr. Petermann’s Temperature Charts. — Sources 
of the underlying (Cold Water. — The Arctic Beturn Currents. — 
Antarctic Indraught. — A'ertical Distribution of Temperature in 
the North Atlantic Basin. 

Ai,l tlie temperature investigations earried on in 
II.M.SS. ‘ Lightning ’ and ‘ I’orcupine ’ during the 
ye.ars 1808 09 and 1870, with the exeeption of a 
series of ol)scrvations already referred to taken in 
the Mediterranean under Dr. Carpent(‘L's direction 
in the summer of 1870, were included within an area 
nearly 2,000 English miles in length by 250 in 
width, extending from a little beyond the FjJ'roe 
Islands, lat. 02° 30' N., to the Strait of Gibraltar, 
lat. 30° N. 

The greater part of this belt may he described as 
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the eastern border of the North Atlantic fringing 
Western Europe. A small hut very interesting por- 
tion of it forms the ehannel between the Emroe 
Islands and the North of Scotland, one of the ehan- 
nels of eommunication between the North Atlantic 
and the North Sea; and a few soundings in shallow 
Avater to the east of Shetland are in the shallow 
North Sea basin. It is evident, therefore, that the 
greater part if not the Avhole of this belt must par- 
ticipate in the general scheme of distribution of 
temperature in the North Atlantic, and must owe 
any peculiarities Avhich its thermal conditions may 
present to some very general cause. 

All our temperature observations, except the few 
taken in the ‘ Lightning ’ in 1868, were made with 
thermometers protected from pressure on Professor 
Miller’s plan, and the thermometers AA'cre individually 
tested by Captain llavis at pressures rising to about 
three tons to the square inch before they Averc fur- 
nished to the vessel ; they Averc also more than once 
reduced to the freezing-point during the voyage to 
ascertain that the glass had been in no Avay distorted. 
The results may therefore be rcceiAed with absolute 
reliance Avithin the limits of error of observation, 
A\ hich Avere reduced to a minimum by the care of 
Captain Calver. 

A large number of scattered observations, most 
of Avhich have unfortunately been made Avith instru- 
ments Avhich cannot thoroughly be depended upon 
for accuracy of detail, — the error, however, being 
pi'obubly in the direction of excess of heat, — esta- 
blished the singular fact that although the tempera- 
ture of the surface of the sea in equatorial regions 



358 


TEE DEPTHS OF THE SEA, 


[chap. viii. 


may reach 30” C., at the greatest depths both in the 
Atlantic and in the Pacific the temperature is not 
higher than from 2° to 4° C., sometimes falling at 
great depths to 0” 0. I quote from Mr. Prestwich’s 
able presidential address to the Geological Society 
for the year 1871, a table of the most important of 
these earlier observations in the Atlantic and the 
Pacific — 

# 

Temperatures of the Atlantic. 


Latitude. 

Longitude. 

Depth 

ill 

Fatli-s. 

Teinpc 

Surface. 

raturc. 

Bottom. 

Observer and Date. 

42° O'N. 

34‘^40'W. 

780 

16-7°C. 

(r()°a 

Chevalier 

. 1837 

2!) 0 

34 50 

1400 

24-4 

0-1 


. 1837 

7 21 

20 40 

505 

20*6 

2-2 

Lenz . . 

. 1832 

4 25 

2() 6 

1000 

27-0 

3*2 

Tessan . 

. 1841 

15- ;3S. 

23 14 

1200 

25-0 

4-1 

99 • 

. 1841 

25 10 

7 51) E. 

880 

19-0 

30 

99 • 

. 1841 

21) ;i3 

10 57 

1051 

19*1 

20 

99 * 

. 1841 

32 20 

43 50 

1074 

21'0 

2-4 

Lenz . , 

. 1832 

38 12 

51 SOW. 

333 

10-8 

30 

Tessan . 

. 1841 


Tempkiiatures of the Pacific. 


Latitude. 

Longitude. 

Depth 

in 

Faths. 

Temperature. 

Observer and Date. 

Surface. 

Bottom. 

r)i°34'N. 

l(il'’41'E. 

!)D7 

11-8"C. 

2-5° 0. 

Tessan . . 

1832 

28 52 

173 !) 

000 

25-5 

50 

Beechey . . 

1828 

18 5 

174 10 

710 

24-7 

4-8 


1830 

4 32 

134 24 W. 

2045 

27*2 

1*7 

The ‘ Bonitc ’ 

1837 

E(piator. 

17!) 34 

1000 

300 

2*5 

Kotzebue 

1824 

21 14 8. 

UKi 1 

910 

27'2 

2-2 

Lenz . . , 

1834 

32 57 

176 42 E. 

782 

10'4 

5-4 


1834 

43 47 

80 6 W. 

1()()0 

130 

2*3 

Tessan . . 

1841 


^ Address delivered at the Anniversary Meeting of the Geological 
Society of London on the 17th of February, 1871, by Joseph Prest- 
wich, F.E.S. Pp. 36, 37. 
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To these may be added the observations of Lieu- 
tenant S. P. Lee, of the United States Coast Survey, 
who, in August 1847, recorded a temperature of 
2°’7 C. below the Gulf-stream at a depth of 1,000 
fathoms, lat. 35° 26' N., long. 73° 12' W. ; and of 
Lieutenant Dayman, who found the temperature at 
1,000 fathoms in lat. 51° N. and long. 40° W. to 
be - 0°'4 C., the surface temperature being 12°’5 C. 
These results are fully borne oijt by the recent 
determinations of Captain Shortland, ll.N., who 
observed a temperature of 2°-6 C. in deep water in 
tlie Arabian Sea between Aden and Pomhay,^ by 
those of Commander Chimmo, ll.N., and Lieutenant 
Johnson, R.N., who found at various points in the 
Atlantic a temperature of about 3°'9 C. at 1,000 
fathoms, and a slow decrease from that point to 
2,270 fathoms, where the temperature registered by 
unprotected thermometers was 6°‘G C. reduced by the 
necessary correction for pressure to about 1°‘6 C., 
and finally by tlie temperature determinations of the 
‘Porcupine’ expeditions, carefully conducted with 
protected instruments, but not carried nearer the 
tropics than the latitude of the Strait of Gibraltar ; 
and they appear to go far to establish a nearly uni- 
form temperature for abyssal depths, not far from 
the freezing-point of fresh water. 

As it was evident tliat tlie low temperature for 
deep water in tropical regions could not be acquired 


^ Sounding Voyage of II.M.S, ‘Hydra/ Captain P. F. Shortland. 
London : 18G9. 

^ Soundings and Temperatures in the Gulf-stream. By Commander 
W. Chimmo, K.K (Proceedings of the Koyal Geographical Society, 
vol. xiii.) 
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by contact nith the surface of the crust of the 
earth, the inevitable conclusion seems to have been 
early arrived at that, if such temperatures existed, 
they must be due to a general oceanic circulation, — 
to surface currents of Avarm Avater ])assing toAvards 
the poles, and compensating counter-currents of cold 
AAaiter from the poles toAvards the equator. Hum- 
boldt states that he showed, in 1812, “that the Ioav 
temperature of tlie tro])ical seas at gia'at depths (;ould 
only be OAving to currents from tlie poles to the 
equator.” ^ 

D’Aubiiissoii, in Iblt), also attributed the low 
temperature of the sea at great depths at or near 
the equator to the tlow of currents from the poles.* 

But although the fact of the existence of currents 
loAvering the temperature of deep Avater in equa- 
torial regions Avas admitted by A arious authorities 
in pliysical geography, little light Avas thrown upon 
the causes of this circulation, hatterly, the Avhole 
subject l)ecamc ol)scured by the very general adop- 
tion of the doctrine already referred to of a perma- 
nent temperature of 4° C. all over the Avorld beyond 
a certain depth; and it Avas not until the publi- 
eation of Captain Maury’s fascinating book on the 
‘ riiysical Geography of the Sea ’ had given an extra- 
ordinary stimulus to the study of this department 
of science, that the question A\ as again raised. 

It Avas natural from its geographical position, and 
from the much greater opportunity Avhich it otfered 
for the accumulation of the almost infinite number 

^ Fragments (I 0 Geol. et do Cliiiiatol. Asiat., 1831. 

- Traite de Gdognosie. — Quoted in the Anniversary Address to the 
Geological Society of London, 1871. 
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of data required for the eousideration of sueh suh- 
jeets, that the hasiii of the North Atlautie should 
he selected for investigation, more particularly as 
peculiarities of climate seemed there to he limited in 
space, and well defined and even extreme in character. 

It seems at first somewhat singular that there 

O 

should he any room for question as to the causes, 
the sources, and the directions of the ocean currents 
which traverse tlui ocean in our immediate ncigh- 
hourhood, and exercises a most important influence 
on our economy and Avell-heing. The investigation 
is, liowever, one of singular difliculty. Some currents 
are palpable enough, going at a rate and with a force 
which make it casv to detect them, and even com- 
paratively easy to gauge their volume and define 
their path; hut it seems tliat the great movements 
of the water of the ocean, those which produce the 
most important results in the transfer of tempera- 
ture and the modification of climate, arc not of this 
character. These move so slowly that their surface 
movement is constantly masked hy the drift of vari- 
able winds, and they thus produce no sensible edfeet 
upon navigation. 

The i)ath and limits of such bodies of moving 
water can only he determined hy the use of the 
thermometer. The equalizing of the temperature 
of bodies of water in contact witli one another and 
differently lieatcd, hy conduction, diffusion, and 
mixture, is however so slow, that wi! usually liave 
hut little difliculty in distinguishing currents from 
different sources. 

Up to the present time little had been done in 
determining the depth and mass of currents by tlie 
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thermometer, and under-currents were practically 
unknown; but the limits of surface currents had 
been traced with considerable precision by observa- 
tions of the temperature of the surface of the sea, 
even when the movement was so slow as not to be 
otherwise perceptible. The amount of heat received 
directly from the sun may be taken approximately 
to depend upon latitude only, and tliis heat is in 
addition to the heat of the surface Avater derived 
from other sources, whatever these may be. Observa- 
tions of surface temperature accordingly give us the 
heat derived directly from the sun in the region, and 
the heat derived from the same source during the 
passage of the water to the region, in addition to the 
original heat of the water ; if, therefore, the water of 
any region be derived from — that is to say, form part 
of — a movement of water from a polar source, and 
if the surface water of another area on the same 
parallel of latitude form part of an equatorial current, 
although in tliat particular latitude they receive in 
both cases tlic same amount of heat from the sun, 
there will be a marked difference in their tempera- 
ture. To take an extreme case; the mean tem- 
perature of the sea in the montli of July off the 
Hebrides, in lat. 58° N., in tlie path of the Gulf- 
stream, is 13° C. ; while in the same latitude off the 
coast of Labrador, in the course of the Labrador 
current, it is 4°'5 C. 

The distribution of surface temperature in the 
North Atlantic is certainly very exceptional. A 
glance at the chart PI. VII., representing the general 
distribution of heat for the month of July, shows 
that the isothermal lines for that month, instead of 
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tending in the least to coincide with the parallels 
of latitude, run up into a series of long loops, some 
of them continued into the Arctic Sea. 

The temperature of the hordering land is not 
affected to any perceptible degree by direct radia- 
tion from the sea ; but it is greatly affected by the 
temperature of the prevailing winds. Setting aside 
the still more important point of the equalization 
of summer and winter temperature, the mean annual 
temperature of Bergen, lat. GO” 24/ N., subject to 
the ameliorating influence of the prevailing south- 
west w'ind blowing over the temperate water of the 
North Atlantic, is 6°'7 C. ; while that of Tobolsk, 
lat. 58” 13' N., is - 2”-4 C. 

But the temperature of the North Atlantic and 
its bordering lands is not only raised al)ove that 
of places on the same parallel of latitude having a 
‘ continental ’ climate, but it is greatly higher than 
that of places apparently similarly circumstanced to 
itscK in the southern hemisphere. Thus the mean 
annual temperature of the Fsforoe Islands, lat. 62” 2' N., 
is 7°‘l C., nearly equal to that of the Falkland Islands, 
lat. 52” S., which is 8°‘2 0. ; and the temperature of 
Dublin, lat. 53” 21' N., is 9”-6 C., while that of Port 
Famine, lat. 53” 8' S., is 5”'3 C. Again, the high 
temperature of the North Atlantic is not equally 
distributed, but is very marked in its determination 
to the north-east coast. Thus the mean annual tem- 
perature of Halifax (Nova Scotia), lat. 41° 39' N., 
is 6”'2 0., while that of Dublin, lat. 53” 21' N., 
is 9”'6 0. ; and the temperature of Boston (Mass.), 
lat. 42” 21' N., is exactly the same as that of 
Dublin. 
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Tills roiuarkable diversion of tlie isothermal lines 
from their normal direction is admittedly caused 
hy ocean currents aflfeoting the temperature of the 
surface while conveying the n^arm tropical water 
towards the polar regions, whence there is a con- 
stant counterHow of cold water beneath to supply 
its place. 

^^'e thus arrive at the well-known result that the 
temperature of the sea bathing the north-eastern 
shores of the Korth Atlantic is raised greatly above 
its normal point by currents involving an inter- 
change of tropical and polar water ; and that the 
lands bordering on the North Atlantic participate 
in this amelioration of climate by the heat imparted 
by the water to their prevailing winds. 

This phenomenon is not conflned to the North 
Atlantic, although from its peculiar configuration 
and relation to the land that ocean presents the 
most marked c-xainple. A corresponding series of 
loops, not so well defined, passes southwards along 
the east coast of South America, and a very marked 
series occupies the north-eastern angle of the Ihicific 
oft' the Aleutian Islands and the coast of California, 

Two principal views have been held as to the 
causes of the currents in the North Atlantic. One of 
these, which appears to have been first advanced in 
a definite form by Captain Maury, and which has 
received some vague support from Professor Buff, is 
that the great currents and counter-currents of warm 
and cold water are due to a circulation in the watery 
shell of the globe, comparable to the circulation of 
the atmosphere, — that is to say, caused by tropical 
heat and evaporation, and arctic cold. 
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It is not easy to uiicloi'stand Captain ^laury’s view. 
He traces all ocean currents to clifTerenccs in specific 
"I’iivity. He says ; “ If wc except the tides, and the 
partial currents of the sea, such as those that may he 
created by the wind, wc may lay it down as a rule 
that all the currents of the ocean owe their origin to 
the differences of specific gravity hetween sea-water 
at one place and sea-Avatcr at another : for whcrcvei’ 
there is such a difference, whether it he owing to dif- 
ference of temperature or to diflerenee of saltness, 
&c., it is a difference that disturbs equilibrium, and 
currents are the consequence.” ' These differences 
in specific gravity he attributes to two principal 
causes ; differences in temperature, and excess of salts 
produced by evaporation. Captain Maury explains 
his views as to the first of these causes by an illustra- 
tion. “Let us now suppose that all the water within 
the tropics to the depth of one hundred fathoms sud- 
denly becomes oil. The aqueous equilibrium of the 
planet would thereby be disturbed, and a general 
system of currents and counter-currents would bo 
immediately commenced, tb<^ oil in an unbroken shoot 
on the surface running towards the poles, and the 
water as an under-current towards the equator. The 
oil is supposed, as it reaches the polar basin, to be re- 
converted into Avatcr, and the Avater to become oil as 
it crosses Cancer and Capricorn, rising to the surface 
in intertropical regions, and returning as before.” 
“ Now, do not the cold water of the north, and the 
Avarm Avater of the gulf made specifically lighter by 
tropical heat, and Avhieh avc sec actually presenting 

The Plij’sical Ooograpliy of the .Sea, and its Ifeteorology. My 
Af. T. Afaury, LLt). 
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such a system of counter-currents, hold at least, in 
some degree, the relation of the supposed water 
and oil.” ' 

“There can be no doubt that Maury concludes 
that the waters in intertropical regions are expanded 
by heat, and those in polar regions are contracted by 
cold, and that this tends to produce a surface-current 
from the equator to the poles, and an under-current 
from the poles to the equator,’”* 

With regard to increased specific gravity produced 
by excess of salt. Captain Maury says, — 

“ The brine of the ocean is the ley of the earth. 
Erom it the sea derives dynamical power, and its eur- 
rents their main strength.”® “One of the purposes 
which in the grand design it was probably intended 
to accomplish by leaving the sea salt and not fresh, 
was to impart to its waters the forces and powers 
necessary to make their circulation complete.’’'^ “ In 
the present state of our knowledge concerning this 
wonderful phenomenon (for the Gulf-stream is one 
of the most marvellous things in the ocean), we can 
do little more than conjecture. But we have the 
causes in operation, which we may safely assume 
arc among those concerned in producing the Gulf- 
stream. One of these is the increased saltness of 
its water after the trade-winds have been supplied 
with vapour from it, be it much or little ; and the 
other is the diminished quantum of salt which the 

* Captain Maury, op. cit. 

* On Ocean Currents. Part III. On the Physical Cause of Ocean 
Currents. By James Croll, of the Geological Survey of Scotland. 
(Philosophical Magazine, October 1870.) 

^ Captain Maury, op. cit. 


^ Ibid, 
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Baltic and the northern seas contain.”* “ Now, here 
we have on one side the Caribbean Sea and Gulf of 
Mexico with their waters of brine; on the other, 
the great Polar Basin, the Baltic, and the North Sea, 
the two latter with waters that are but little more 
than brackish. In one set of these sea-hasins the 
water is heavy, in the other it is light. Between 
them the ocean intervenes; but water is bound to 
seek and to maintain its level ; and here, therefore, 
we unmask one of the agents concerned in causing 
the Gulf-stream.”** 

As Mr. James Croll has very clearly pointed out. 
Captain Maury’s two causes tend to neutralize each 
other. 

“ Now it is perfectly obvious tl\at if difference in 
saltness is to co-operate with difference in tempera- 
ture in the production of ocean currents, the saltest 
waters, and consequently the densest, must be in 
the polar regions ; and the waters least salt, and 
consequently lightest, must be in equatorial and in- 
tcrtropical regions. Wore the saltest water at the 
equator and the freshest at tlic poles, it would tend 
to neutralize the effect due to lieat, and, instead of 
producing a current, would simjdy tend to prevent 
the existence of the currents which otherwise would 
result from difference of temperature.” “ According 
to both theories it is the differences of density be- 
tween the equatorial and polar waters that gives rise 
to currents; but according to the one theory, the 
equatorial waters are licjMer than the polar, whilst 
according to the other theory they are heavier than 
the polar. Either the one theory or the other may 

’ Captain Maury, op. cit. ’ Ibid. 
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be true, or neither; but it is logically impossible that 
both of these can, for the simiilc reason that the 
waters of the equator cannot at the same time he 
both lighter and heavier than the water at the poles.” 
“ So long as the two causes continue in action, no 
current can arise unless the energy of the one cause 
should happen to exceed that of the other, and even 
then a current will only exist to the extent by 
which the .strength of the one exceeds that of the 
other.” ‘ 

It seems scarcely necessary to enter further into 
detail in reference to Captain Maury’s theory of ocean 
currents, which is really chiclly remarkable for its 
ambiguity, and for the pleasant popular style in 
which it is advocated ; since my friend and col- 
league Dr. Carpenter has latterly brought into great 
prominence what appears to be a modification of the 
same view, put in a more definite form. 

J’rofessor Buff, in his excellent little volume on the 
Physics of the l^arth, speaking of the layer of cold 
water derived from the Arctic seas Avhich underlies 
the tropical ocean, and its method of transport, says : 
“ The following well-known experiment clearly illus- 
trates the manner of the movement. A glass vessel 
is to be filled with water Avith Avhich some poAvder 
has been mixed, and is then to be boated ‘at bottom. 
You will soon see, from the motion of the particles 
of powder, that currents are set u]) in opposite direc- 
tions through the Avater. Warm Avater rises from the 
bottom, up through the middle of the vessel, and 
spreads over the surface ; Avhile the colder, and there- 
fore heavier liquid, falls down at the sides of the 

^ Janios (Voll, op. cit. 
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glass. Currents like these must arise in all water- 
hasins, and even in the oceans if different parts of 
their surface arc unequally heated.” ^ 

This is of course a common class-experiment illus- 
trating convection. It is evidently impossible that 
movements of ocean water can he produced in this 
way, for it is well known that everywhere, except 
under certain exceptional circumstances in the polar 
basin, the temperature of the sea decreases from the 
surface to a minimum at the bottom, and tropical 
heat is applied at the surface only. It is singular 
that this irrelevant illustration should have been 
introduced by Professor Puff; for his account of the 
origin and extension of the Gulf-stream, which may 
be taken as the type and exponent of ocean currents, 
is quite consistent with the commonly received 
opinions. 

On working up the temperature results of the 
‘ Porcupine ’ expedition of 1809, Dr. Carpenter satis- 
fied himself that the mass of comparatively warm 
water, 800 fathoms deej), which we had established as 
existing, and })robably moving in a north-easterly 
direction, along the west coasts of Britain and the 
Lusitanian peninsula, could not he an extension of 
the Gulf-stream, but must be due to a general cir- 
culation of the waters of the ocean comparable with 
the circulation of the atmosphere. 

“ The influence of the Gulf-stream proper (meaning 

' Familiar Letters on the Pliysics of the I'iarth ; treating of tlie 
chief Movements of the Land, the Water, and the Air, and the Forces 
that give rise to them . By Henry Buff, Professor of Physics in the 
University of Giessen. Kdited by A. W. Hofinann, Pli.U., h.Il.S. 
London: 1851. 


B B 
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by this the body of superheated water whieh issues 
through the ‘ uarrows ’ from the Gulf of Mexico), if 
it reaches this locality at all — which is very doubtful 
— could only affect the most superficial stratum ; and 
the same may be said of the surface-drift caused 
by the prevalence of south-westerly winds, to which 
some have attributed the phenomena usually ac- 
counted for by the extension of the Gulf-stream to 
these regions. And the presence of the body of 
water whieh lies between 100 and GOO fathoms depth, 
and the raiige of whose temperature is from 48° 
(8°’85 C.) to 12° (5°’5 C.), can scarcely be accounted 
for on any other hypothesis than that of a great 
general movement of equatorial water towards the 
polar area, of which movement tlie Giilf-stream con- 
stitutes a peculiar case, modified by local conditions. 
In like manner the arctic stream which underlies 
the warm superficial strata in our cold area, con- 
stitutes a peculiar case, modified by the local condi- 
tions, to he presently explained, of a great general 
movement of polar water towards the equatorial 
area, which depresses the temperature of the deepest 
parts of the great oceanic basins nearly to the 
freezing-point.” ^ 

At first Hr. Carpenter appears to have regarded 
' this oceanic circulation as a case of simjile convection. 
“ To what, then, is the north-cast movement of the 
warm upper stratum of the North Atlantic attri- 
butable P I have attempted to show that it is part 
of a general interchange between polar and equa- 
torial waters, which is quite independent of any such 

1 A Lecture delivered at the Royal Institution, abstracted with 
the Author’s signature in XiUuir, vol. i. p. 188 (JIarch 10th, 1870). 
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local accidents as those which produce the Gulf- 
stream proper, and which gives movement to a much 
larger and deeper body of water than the latter can 
affect. The evidence of such an interchange is two- 
fold — that of physical theory, and that of actual 
observation. Such a movement must take place, as 
was long since pointed out by Professor Butf, when- 
ever an extended body of water is heated at one part 
and cooled at another; it is made use of in the warm- 
ing of huildings by the hot-Avater apparatus, and it 
was admirably displayed at the Iloyal Institution a 
few months since in the following experiment kindly 
prepared for me by Dr. Odling.” I)r. Carpenter 
then repeats Professor Buff’s convection experiment, 
the h(!at being applied by a steam jet introduced 
vertically at one end of a narrow glass trough Avhilo 
a block of ice was wedged into the oilier end 
“ Thus a circulation was shown to he maintained in 
the trough by tlic application of heat at one of its 
extremities and of cold at the other, the Imdod water 
flowing along the surface from tlu* warm to the cold 
end, and the cooled Avater lloAving along the bottom 
from the cold to the Avarm end; just as it has been 
maintained that equatorial Avatcr strctims on the 
surface toAvards the poles, and that polar Avater 
returns along the bottom toAvards the equator, if 
the movement he not interfered Avith by interposed 
obstacles, or prevented by antagonistic currents 
arising from local peculiarities.”^ 

That such a movement cannot take place on this 
hypothesis has been already shoAvn ; and Dr. Car- 

^ The Gulf-stream. A letter from .Dr. Garpenter to the Editor of 
Nature, dated Gibraltar, August 11th, 1870. (Aatnre, vol. ii. p. -‘SSI.) 

n J} 2 



;V72 THE DEPTHS OF THE SEA. [chap. vni. 

pouter in a lecture to the Uoyal Geograpliical 
Socicity, in an illustration drawn from two supposed 
basins, one under equatorial conditions and the other 
under polar, connected by a strait,* says : “ The effect 
of surlaee-/<6V/^ uj)on the Avater of the tropical basin 
Avill be for the most part limited to its uppermost 
stratum, and may here be practically disregarded. 
But the effect of surfoce-cold upon the water of the 
[)olar basin Avill be to reduce tlie temperature of its 
whole mass below the freezing-point of fresh water, 
the surface stratum sinking as it is cooled, by virtue 
of its diminished bulk and increased density, and being 
rc[)laced l)y Avater not yet cooled to the same degree. 
'I'he warimu' Avater Avill Jiot come up from heloAV, but 
Avill 1)0 draAvn into the basin from the surface of the 
surrounding area; and since what is thus drawn 
aAvay must be supplied from a yet greater distance, 
the continual cooling of the surface stratum in the 
])olar basin Avill cause a ‘set’ of water towards it to 
be ju’opagated backwards tlirough the whole inter- 
vening ocean in connection Avith it, until it reaches 
the tropical area.” And further on in the same 
address : “ it is seen that the application of cold at 
the tail-face is precisely equivalent as a moving pOAver 
to that application of heat at the bottom hy which 
tlie eii'culation of Avater is sustained in every heating 
apparatus that makes use of it.” No doubt the 
application of cold to the surface of a mass of Avater 
previously at the same temperature throughout, would 

^ On the Gibraltar Current, the Gulf-stream, and the general 
Oceanic Circulation. By Dr. W. B. Carpenter, F.K.S. Eeprinted 
from the J’roccodings of the Eoyal Geographical Society of London, 
1870. 
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have the same effect as tlie application of heat to 
tlie bottom, and in either case Ave should have an 
instance of simple convection, the warmer iiiKh'r- 
water rising through a colder upper layer ; but 
that is not what we have in the polar sea; for tlie 
temperature of the arctic sea gradually sinks from 
a few fathoms beneath the surface to a minimum 
temperature, and consequent maximum density, at 
the bottom. Therefore in this case the appliealion 
of cold at the surface is not ec^uiA^alcnt to tlu' apjili- 
cation of heat to the bottom in a liot-watev healing 
apparatus, and Dr. Carpenter has shown that he is 
aware of this by requiring the backward propagation 
of a surface-enwont. 

That a certain effect in increase of specilie gravity 
must be produced by the cooling of the suiTaee him 
of the arctic ocean there seems to be little doubt- ; 
but the area of maximum effect is very limited, and 
during the long arctic winter the greater jiart of t hat 
area is protected by a thick layer of ice, one of t he 
worst possible conductors. 

It certainly appears to me that this eausi' is 
totally inadequate to induce a poAverfiil current of 
great depth, six thousand miles long and sevi'ral 
thousand miles in width, the effect whieli Dr. Car- 
penter attributes to it. 

During the summer of 1870, and aftmnvards in 
1871, Dr. Carpenter made a series of observations on 
the current in the Strait of Gibraltar. The existence 
of an under-current out of the Mediterranean was 
considered to be established by these obsi'rvations, 
and the conclusions arriv’^ed at as to its cause did not 
differ materially from those already A'cry generally 
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accepted. Dr. Carpenter beli(!ves, liOAvever, that tlie 
conditions in the Strait of Gibraltar and in tlic 
Baltic Sound aptly illu.strato the general circulation 
in the ocean, and confirm his views. 

I quote from the general summary of Dr. Car- 
penter’s address to the Geograjdiical Society : — 

“The application of the foregoing principles to 
the particular cases discussed in the paper is as 
follows ; - 

“VIII. — A vertical circulation is maintained in 
the Strait of Gibraltar by the excess of evaporation 
in the Mediterranean over tin; amount of fresh water 
returned into its basin, which at the same time 
lowers Us level and increases Us densUij ; so that 
the surface inflow of salt water which restores its 
level (exceeding by the weight of salt contained 
in it the weight of fresh water which has passed olf 
by evaporation) disturbs the equilibrium and pro- 
duces a deep onljlovi, which in its turn lowers the 
level. The same may be assumed to be the case 
in the Strait of Babclmandcb. 

“IX. — A vertical circulation is maintained in the 
Baltic Sound by an excess in the influx of fresh 
Avater into the Baltic; Avhich at the same time 
raises its level and diminisbes its density, so as to 
produce a surface outjlow, leaving the Baltic column 
the lighter of the two, so that a deep injlmv must 
take place to restore the equilibrium. The same 
may be assumed to be the case in the Bosphorus 
and Dardanelles, 

“ X. — A vertical circulation must, on the same 
principles, be maintained between polar and equa- 
torial waters by the difference of their temperatures : 
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the loA^el of tlie polar Avatcr being reduced, and its 
density increased by the surfaee-eo/J to Avbieli it is 
subjected, whilst a downward motion is also imparted 
to (;acb stratum successively exposed to it ; and the 
level of equatorial water bedng raised and its density 
diminished by the surfae(;-//m^ to which it is exposed. 
(The first of these agencies is by far the more clfee- 
tive, since it extends to the whole depth of the Avater, 
Avhilst the second only alh'cts, in any eonsidercahle 
degree, the supi'rftcial stratum.) 'I’hus a movement 
Avill he im])arted to the uppm* stratum of oceanic 
water fi“om the equator towards the poles, Avhilst a 
moA^ement Avill be imjiarted to the dee])er stratum 
from the poles toAvards the equator.” 

It seems to me that the doctrine here propounded 
by my distinguished colleague, if I understand it 
aright, is open to the objection to Avhich I have 
already referred in connection Avith the sjieculations 
of Captain IVlaury. 

If the currents floAV in the direction and Avith the 
permanence accejited by Dr. Carpenter in the Strait 
of Cihrcaltar and in the Baltic Sound, if their IIoav 
aiid its direction he due to the causes to Avhich Dr. 
Carpenter attributes them, and if tlu're he any 
analogy Avhatcver between the conditions of equi- 
librium of these inland seas and that of the outer 
ocean, — none of Avhich jiropositions appear to mo at 
all satisfactorily proved, — I should think that the vast 
equatorial region, tlic patli of the tradiMvinds and 
the belt of vertical solar radiation, must, so far as 
evaporation is concerned, resemble, or rather greatly 
exaggerate, the conditions of the Mediterranean. The 
consequent accumulation of salt, — through the Avhole 
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deptli of course, the brine sinking downwards, — must 
greatly outweigh ([ give tliis as what r(dormann 
would call a gratuitous speculation) the sliglit ex- 
pansion caused liy the licatiiig of flic surface layer. 
The more restricted arctic basin on tlic other hand, 
as Avas long ago pointed out ])y Capt. Maury, parti- 
cipates to a certain extent in the characteristics of 
the ilaltic; and I am greatly mistaken if the low 
specific gravity of the polar sea, tlio result of the 
condensation and precipitation of vapour evaporated 
from the intcrtropical area, do not fully count('r- 
halance the contraction of the sup('rficial film by 
arctic cold. 

The Nortli Atlantic oeeaii hears a proportion 
in depth to the mass of the earth considerably 
loss than that of the paper covering an cig'htc'cn- 
inch globe to that of the globe it cover.s, while 
the 111m heated ])y dir(!ct solar radiation may be 
represented by its surface coating of varnish, 
and is not actually thicker than the height of 
)St. Paul’s. Physicists seem to find a difiiculry in 
giving us the amount of palpable eifcct in pro- 
ducing currents in this shell of water, six thousand 
miles in length by three thousand in width and 
two miles in thickness, which may be due to causes 
such as those relied upon by Dr. Carpemter, acting 
under the peculiar circumstances and to the amount 
in which avc lind them in nature ; and })robably avo 
are not yet in a position to gwe them snlliciont data 
to enable them to do so. Mr. Croll, a good authority 
in such matters, has attempted to make some? calcu- 
lations, and comes to the conclusion that none of them 
arc sullicient to overcome the friction of water and to 
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produce any current whatever;^ but in this view he 
does not certainly recca’vc; universal sujiport. 1 am 
myself inclined to Ixdiev'c tha,t in a ^n'at body of 
salt water at dilfercjit temi)era lures, Avilh uiie(jual 
amounts of evaporation, iiinhM- varvin<>’ barometric 
pressures, and su]))ect to the drift of val■iabl(^ winds, 
currents of all kinds, •^rcat and small, varial)le and 
more or b'ss ])crmanent, must Ix' set u]);" but tbe 
probable result ap]X'ars to Ix' rediita'd to a minimum 
when we find that causes, t luauseha's of doubtful 
clllcicney, actually anta^oni/.e oin' anotlu'r; and that 
we arc obliifed to trust for the iiiial (jlii'ct to tlu^ 
amount by Avhieb the least feeble of tbesi; ('xceeds 
the others in strena'lh. Speaking- in the total ab- 
sence of all reliable data, it is my geju-ral ijiij)r('s- 
sion that, if Avere to set asiih' all other ag(,'neies, 
aiAd to trust for an oceanic circulation to those con- 
ditions only which arc- r('li<‘d ujxm by l)v. ('avpcJAter, 
if there Avere any gem-ral ein-ulal ion e.t all, which 
seems vci'y problematical, tlu- odds are rather in 
favour of a Avarm u]ulci--currenl traAcIling north- 
Avards by Aurtue of its excess of sail, balanced by a 
SAAi-face return-current of fresher though colder arctic 
Avater. 

With regard, then, to this (juestion of a general 
circulation caused by diinM-mice in. spccilic gravity, 
for the present 1 cordially endorse the o|)inion ex- 
pressed by the late Sir John Ilcrschel in a (.-autious 

^ James ('roll, op. cit. 

2 Oil the Distribution of Temperatures in the Xorih Atlantic. 
An Address delivered to the Meteorolo<,dcal Sotnidy of Seotlaud at 
the General l\[eeting of the Society July oth, 1871, by J^rofessor 
WyTille Thomson. 
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and excellent letter addressed to Dr. Carpenter — a 
letter wliicli tliere is no impropriety in my (pioting in 
full as it is ali-eady in print, and which has a special 
interest, as being probably one of the last written 
by Sir John llerschel on scientific subjects : — 


“ CuLMNOwoon, April 9fh, l(S7l. 

“My dear Sin, — Mmiy tlianks for your jiapcr outlie Gib- 
raltar current and tin; Guir-streaii). Assuredly, after well con- 
sidering all you say, as well as the coinniou sense of tlie matter, 
and the experience of our hot-water circulation pipes in our 
greenhouses, tK:c., there is no refusing to admit tliat an oceanic 
circulation of some sort must arise from nuu’o heat, cold, and 
cva])oration, as irrfr and you have brought forward with 

singular eni])hasis the more powerful action of the ])olar cold, or 
rather the more intense action, as its maximum effect is limited 
to a much smaller area than that of the maximum of eipiatorial 
h(5at. 

“The action of the trade and counter-trade winds, in like 
manner, cannot be ignored; and henceforward the question of 
ocean currents will have to be studied under a twofold ])oint of 
view. The wind-currents, however, are of easi(‘.r investigation : 
all the causes lie on the surfai’e ; none of the agianu’es escajie 
our notice ; the contiguration of coasts, whiith mainly determines 
their direction, is patent to sight. It is otherwise with the other 
class of movements. They take ])lace in the dcqdhs of the ocean ; 
and their movements and directions and channels of concentra- 
tion are limited, to the contiguration of the sea-bottom, whi(di 
has to be studied over its entire surfaces by the very imperfect 
method of sounding. 

“I am glad you succeeded in getting s])ecimens of Mediter- 
ranean water near the ])lace of the ])resunied salt spring of 
Smyth and AWdhiston, making it clear that the whole affair 
must have arisen from some accidental substitution of one 
bottle for another, or from eva])oration. I never put any hearty 
faith in it. 
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“ So, after all, there is an uiuler-currciit scttiii" ouU ards in 
the Straits of (lihrallar. 

“I’cpeatiiig iny tlianks for tliis intci'estiiig memoir, helicve 
me, dear Sir, 

“Yours veiy truly, 

‘M. F. W. JlKi!,scHi.;r>. 

“Dr. ir. B. C'nrjirnler." ' 

The second vietv, supported hy Dr. J’ctormann of 
Gotha, and hy most of the leading anthorities in 
physical geography in Germany and Northern 
Europe, and strongly urged hy the late Sir dohn 
Ilerschcl in his ‘ Outlines of Physical Geography,’ 
published in the year 18 LO, attributes mnirly tlie 
whole of the sensible phenomena of lieat-distribution 
in the North Atlantic to the Gulf-stream, and to the 
arctic return-currents which are induced hy the 
removal of tropical water towards the ])olar regions 
hy the Gnlf-stream. If wc for a moment admit that 
to the Gulf-stream is due almost exclusively the 
singular advantage in climate which tlio eastern 
borders of the North Atlantic possess over the 
Avestern, the origin of this groat current, its extent 
and direction, and the nature and amount of its 
ind nonce, become (pestions of surpassing interest. 
Eeforc considering these, however, it will be Avell 
to define Avhat is here meant by the term ‘ Gulf- 
stream,’ for oven on this point there has been a good 
deal of misconception. 

I mean by the Gulf-stream that mass of heated 
water Avhich poui’s from the Strait of h’lorida across 
the North Atlantic, and likcAvise a Avidcr but less 
definite Avarm current, evidently forming part of the 
same great movement of water, Avhich curves north- 
^ vol. iv. ]>. 71. 
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Avai'ds \() the oaslwanl of lli(‘ AVost TiuUan Islands. 
L a n in\s(dr iiiclincMl, willioiit liosilal ioo, to regard 
this sl r^'ai!! jis siin]dy ndliix of the ecjuatorial 
(*urr('iit, a{|(l(‘(l to no doMl)t during its n()rili-('ast(Tly 
eoi!rs(‘, hy tln^ siirfae('-drift of tlie anti-trades Avhieh 
follows in tin' main tlie sanu' dir(H‘tioii. 

Tin' seopf' and limit of tl)(' ( i nlf-strcani will he 
heitcn* uinh'rstood if w(‘ imiuire in lln' first plaee into 
its origin and ('aiis(‘. jVs is w(dl known, in tvv^o 
l)ands, oin' to tln^ north and tin' other to tlni south 
of tin' (Mjiiator, tlu' north-(‘ast and south -(‘ast trade- 
Avinds, i‘(‘di!(*('d to nn'iidional diri'etions hv the ('ast- 
will'd rric!i')ii;il iiniiiiNe of llu' I'lU'tli’s voiation, dvivo 
bi'lorc Jin'iii a iii.‘i!;'iii(i(.'('iii siu'l'aco furi'i'iii oC liot 
walci' iJtOd mill's Joim' by mib's liroad at an 
avi'i'iui'o rale oi' ihii'ly mill's a day, < )<!' tlu' coast of 
ALVica iicai; its slarliay-jioiitt to llic soidii of tbo 
Islands ('!' SI. 'i’liomas and .viina l>on, tlii.s ‘ I'iqiia- 
toi'ial Ciirrcnl Ims a spci'd of forty mill's in the 
twenty- four hours, and a temperature of 2‘.j C. 

1 ucreasiui;; ijuiekly in bulk, nuil S])readin^' out 
mori' and more on both sides of the eijuator, it Hows 
rapidly ilue west towards the coast of South America. 
At the ea'ilerii iioiiit of South .America, Cajie St. 
Iloquc, the cnuatorial current splits into two, and 
one porl ion treniis sout liwards to dellect the isotherms 
of:2! , i ■'i 1 d , and !• 'oC. into loops upon our maps, 

thus carr\iim,' a sera]) of comfort to the iAilkland 
Tslands anil t'ape Hoorn ; whih' the northern portion 
follow s the north-east coast of South America, i^aining' 
continually in tempi'rature under tlii' inlluencc of the 
tropical sun. l.ts s])eed has now increased to sixty- 
eight mill's in twenly-fonr lioui's, and by tlic union 
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with it of'tlic waters of t.li(' river Amazon, it rises to 
one Imndrod miles (()■.“) feet in :i second), hnl i( soon 
tails olf ai,min when it i^^ds iiiio IIk' Carihix'an si‘a. 
Plowing' slowly throngli the wliole length of this sea, 
it reaches the (inlf oi‘ .Mexico ilii'ougii liie Strait of 
Yneatan, when a ])ari of it sweeps immediately ruitnd 
Cuha ; hiii the main s( ream “ having made tiieeireiiit 
of the Ciilf of ^lexico, passes through liie Slrail of 
Elorida; thence it isstu's as the ‘ (lull' siream’ in a 
majestic eurrent u])wards of tiiiriy mill s broad, two 
thousand two hundred feet dee]), -(vitii an average 
veloeity of four miles aii hour, and a, tempei'at are of 
80' Palir. (do C.),” ' 'I'he hot waiei' pours h-om llie 
strait with a decided thoitgh slight noi i ii-e.-isti rly 
im])iilse on account of its gi'cat initial veloeity. .Mr. 
Croll calculat(‘S the (Julf-stn'am ;is e(|uai to a sireani 
of water lifty miles hrotid and a thousand feel deep 
flowing ;it ti rate of four miles an hour: eonseijuently 
conveying 5 ,. jTo, 080, 000, 000 euhie feet of vvaier per 
hour, or ld;>,810,d20,000,000 euhie feet per day. This 
mass of water has a mean tempei'at nre o| |s (', as it 
])as.ses out of the gtilf, aJid on its noi'l iiei'ii juni'iiey it 
is cooled down to t 'd, thus losing heat to the amount 
of 1.‘5 'd C. The total (|nanllty of heat tiierelore trans- 
ferred from the equatorial regions jier nay amounts 
to something' like Id |.,!)d0,;)00,0()il,0n0,ta'i).uu0 feut- 
poumls." 

d’his is nearly eijuai to iJie wiioie oi’ llie neat 

' .I’hysical ( ■('Oi;i-iii)liy. l''niiii llii' ‘ l■'.lll■.\^'l”l^'■'llll Uir.inia ■,i.' I'.y 
Sir John T. AV. llorsvlu;!, Ifiil, K.ll.l*. IMinbiii'i.li, |. ia, 

'- On ( Ici'an Currciit.'i. l>y .laiiK'.'i (.'ri'll, ot Uin iii'nl” ii' il .sniacyn 
Suntlaiul. I’ait I. Oeoaii Uurrents in rclaUim tn tin' iiifiiilailimi nt 
ttoat over lli'i <i lobe. (I’hilosoplikal Magaziin'. l'■(■la•ll;M■v Isoi,) 



;582 


THE DEPTHS OF THE SEA. 


[cirAP. Mil. 


received from the sun hy the Arctic regions, and, 
reduced l)y a lialf to avoid all possibility of exaggera- 
tion, it is still ecpial to onc-lifth of the whole amount 
receiv ed from the sun hy the entire area of the North 
Atlantic. The Gulf-stream, as it issues from the Strait 
of Morida and expands into the ocean on its north- 
ward course, is probably the most glorious natural 
phenomciiou on the face of the earth. The water is 
of a clear crystalline transpareuey and an intense 
blue, and long after it has passed into the open sea it 
keeps itself a])art, easily distinguished hy its warmth, 
its colour, and its ch^arness ; and with its edges so 
sharply defined that a ship may have her stem in the 
the clear blue slri'am while her stern is still in the 
common water of the ocean. 

“ '^riie dynamics of the Gulf-stream have of late, 
in the vv'ork of Lieutimant IMaury already mentioned, 
been made the subject of much (we cannot hut think 
misidaced) wonder, as if there could he any possible 
ground for doubting tliat it owes its origin entirely 
to the trade-winds.” ' Setting aside the wider ques- 
tion of the possibility of a general oceanic circulation 
arising from heat, cold, and evaporation, I believe 
that Captain iMaury and Dr. Carpenter are the only 
authorities who of late years have disputed this 
source of the current which we see, and can gauge 
and measure as it passes out of the Strait of Florida ; 
for it is scarcely necessary to refer to the earlier 
speculations that it is caused hy the Mississippi river, 
or that it flows downwards hy gravitation from a 
‘ head ’ of water produced hy the trade-winds in the 
Caribbean sea. 


^ Herschol, op. cit. p. 51. 
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Captain Maury writes’ that “tlie dynamical force 
that calls forth the Gulf-stream is to lie found in the 
ditference as to spccitic ‘gravity of intertropical and 
polar waters.” “ The dynamical forces which arc 
expressed hy the Gulf-stream may witli as much pro- 
priety he said to reside in tliose northern waters as 
in the "West India seas : for on one side ive have the 
Caribbean sea and Gulf of Mexico witli tlioir waters 
of brine; on the other tlic ^Tcat ])olar basin, the 
Baltic, and tlie North Sea, the two latter with wati'rs 
which arc little more than brackish, fu one si't of 
these sea-basins the water is lieavy; in the other it is 
light. Between them the ocean intervenes ; but water 
is bound to seek and to maintain its level ; and hero, 
therefore, we unmask one of those agents concerned 
in causing tlie Gulf-stream. AVliat is the power of 
this agent ? Is it greater than that of other agents? 
and how much ? AYe cannot say how' mucli ; avc only 
knoAv it is one of the chief agents eoncerned. Alore- 
over, speculate as we may as to all the agencies con- 
ccincd in collecting these waters, that have supplied 
the trade-winds with vapour, into the Caribbean sea, 
and then in driving them across the Atlantic, we are 
forced to conclude that the salt w hich the trade-w'ind 
vapour leaves behind it in the tropics has to be con- 
veyed away from the trade-wind region, to be mixed 
up again in due pro[)ortion with the other water of 
the sea — the Baltic Sea and the Arc! ic Ocean included 
— and that these are some of the Avatin-s, at least, 
wliich we see running off through the Gulf-stream. 
To convey them away is doubtless one of the otliccs 
which in the economy of the ocean lias been assigned 
1 Ataiiry’s Physical Cicograpliy of tlio Sea, op. clt. 
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to it. But as lor llu; seat of the forces AvJiich put 
and keep the Gulf-stream in motion, theorists may 
place them exclusively oii one side of the ocean with 
as much ])hilosophical propriety as 0 }i the other. 
Its Avaters lind their Avay into the North Sea and 
Arctic Ocean hy virtue of their specific gravity, while 
water thence, to take their place, is, hy virtue of its 
specidc gravity and by counter- cin’rcnts, carried back 
into the gulf. The dynamical force Avhich causes the 
Gulf-stream may therefore he said to reside both in 
the polar and in the intertropical waters of the 
Atlantic.” 

According to this view, the tropical Avater linds its 
Avay on account of its greater Aveight toAvavds the poles, 
Avhile the polar Avater, OAving to its less weight, moves 
soutliAvards to replace it. The general result AA ould 
he of course a system of A\arni under- and cold 
surface- currents, and these avc do not find. I merely 
(piote the passage tis a curious illustration of the 
adage that on most questions a good deal can he 
said Oil both sides. 

We have alreadv considered the doctrine of a a:eneral 
oceanic circulation, Avhich has been so strongly ad- 
vocated of late hy Dr. Carpenter, and I have merely 
to advert in this place to the hearing Avhich that 
doctrine has upon our views as to the origin of the 
Gulf-stream ; its healings on the extension and dis- 
tribution of tlie current aaIH he discussed hereafter. 
As already stated. Dr. Carpenter attributes all the 
great movements of ocean AAater to a general con- 
vective circulation, and of this general circulation 
he regards the Gulf-stream as a peculiarly modi- 
fied case. In the passage already quoted (p. 370) of 
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his address to the Eoyal Institution, Dr. Carpenter 
states, that “ the Gulf-stream constitutes a peculiar 
case, modified by local conditions,” of “ a great 
general movement of equatorial water towards the 
polar area.” I confess I feel myself compelled to 
take a totally different view. It seems to me that 
the Gulf-stream is the one natural physical pheno- 
menon on the surface of the earth whose origin and 
principal cause, the drift of the trade-winds, can be 
most clearly and easily traced. 

The further progress and extension of the Gulf- 
stream through the North Atlantic in relation to 
influence upon climate has been, however} a fruitful 
source of controversy. The first part of its course, 
after leaving the strait, is sufficiently evident, for 
its water long remains conspicuously difTerent in 
colour and temperature from that of the ocean, 
and a current having a marked effect on naviga- 
tion is long perceptible in the peculiar Gulf-stream 
water. “Narrow at first, it flows round the penin- 
sula of riorida, and, with a speed of about 70 or 
80 miles, follows the coast at first in a due north, 
afterwards in a north-cast direction. At the lati- 
tude of Washington it leaves the North American 
coast altogether, keeping its north-eastward course ; 
and to the south of the St. George’s and New- 
foundland Banks it spreads its waters more and 
more over the Atlantic Ocean, as far as the A ^ores. 
At these islands a part of it turns southwards again 
towards the African coast. The Gulf-stream has, 
so long as its waters are kept together along the 
American coast, a temperature of 2G°‘6 C. ; but, 
even under north latitude 8G'’, Sabine found that 
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23°‘3 C. at the boginninj^ of December, while the 
sea-water beyond the stream showed only 16° 9 C. 
Under north latitude 40 — 41° the water is, accord- 
ing to Humboldt, at 22°‘5 0. within, and 17°’5 C. 
without the stream.” ^ 

The Gulf-stream off the coast of North America 
has been most carefully examined by the officers of 
the United States Coast Survey, at first under the 
superintendence of Professor ]lachc, and latterly 
under the direction of the present able head of the 
bureau. Professor Pierce. In 1860 Professor Eache 
publislicd an account of the general result.^ Pour- 
teen sections through the Gulf-stream had been 
carefully surveyed at intervals of about 100 miles 
along the coast — the first almost within the Gulf 
of Mexico, from Portingas to Havana, and the last 
off Cape Cod, lat. 41° N., where the stream loses all 
parallelism with the American coast and trends to 
the eastward. These sections fully illustrate the 
leading phenomena during this earlier part of its 
course of this wonderful current, which Professor 
Eache well characterizes as “ the great hydrographic 
feature of the United States.” 

Opposite Portingas, passing along the Cuban coast, 
the stream is unbroken and the current feeble ; the 
temperature at the surface is about 26°’7 C. Issuing 
from the Strait of Eemini , the current is turned 
nearly directly northwards by the form of the land ; 

^ Professor Buff, op. cit. p. 199. 

Lecture on the Gulf-stream, prepared at the request of the 
American Association for tlie Advancement of Science, by A. D. Bache, 
Superintendent U.8. Coast Survey. From the American Journal of 
SeteHce and Arh^ vol. xxx. November I8b0. 
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a little to the north of the strait, the rate is from 
three to five miles an hour. The depth is only 325 
fathoms, and the bottom, which in the Strait of 
Florida was a simple slope and counter-slope, is 
now corrugated. The surface temperature is about 
2G°'5 C., while the bottom tempcratui’e is 4°’5 ; so 
that in the moderate depth of 325 fathoms the 
equatorial current above and the polar counter- 
current beneath have room to pass one another, the 
current from the north being evidently tempered 
considerably by mixture. North of Mosquito inlet 
the stream trends to the eastward of north, and off 
St. Augustine it has a decided set to the eastward, 
lietween St. Augustine and Cape Hatteras the set 
of the stream and the trend of the coast differ hut 
little, making 5° of easting in 5° of northing. At 
Hatteras it curves to the northward, and then runs 
easterly. In the latitude of Cape Charles it turns 
quite to the eastward, having a velocity of from a 
mile to a mile and a half in tlie hour. 

A brief account of one of the sections will best 
explain the general phenomena of the stream off the 
coast of America. I will take the section following 
a line at riglit angles to the coast off Sandy Hook. 
From the shore out, for a distance of about 250 
miles, the surface temperature gradually rises from 
21° to 21° C.; at 10 fathoms it rises from 19” to 22° C.; 
and at 20 fathoms it maintains, Avith a few irregu- 
larities, a temperature of 19° C. throughout the whole 
space ; while at 100, 200, 300, and 100 fathoms it 
maintains in like manner the respective tempera- 
tures of 8°-8, 5°-7, I'-h, and 2° 5 C. This space is 
therefore occupied by cold water, and observation 

c c 2 
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lias sufficiently proved that the low temperature is 
due to a branch of the Labrador current creeping 
doAvn along the coast in a direction opposite to that 
of the Gulf-stream. In the Strait of Florida this 
cold stream divides — one portion of it passing under 
tiie hot Gulf-stream water into the Gulf of Mexico, 
Avhile the remainder courses round the western end 
of Cuba. 210 miles from the shore the whole mass 
of water takes a sudden rise of about 10° 0. within 
25 miles, a rise affecting nearly equally the Avater at 
all depths, and thus producing the singular pheno- 
menon of two masses of Avater in contact — one 
passing sloAAdy soutliAvards, and the other more 
rapidly northwards, at widely different temperatures 
at the same levels. This abutting of the side of the 
cold current against that of the Gulf-stream is so 
abrupt that it has been aptly called by Lieutenant 
George M. Eache the ‘ Cold AA^all.’ Passing the cold 
Avail Avc reach the Gulf-stream, presenting all its 
special characters of colour and transparency and of 
temperature. In the section AAdiich Ave have chosen 
as an example, upwards of three hundred miles in 
length, the surface temperature is about 26°’5 C., 
hut the heat is not uniform across the stream, for 
Ave find that throughout its entire length, as far 
south as the Cape CanaA’^cral section, the stream is 
broken up into longitudinal alternating bands of 
warmer and cooler Avatcr. Off Sandy Uook, beyond 
the cold Avail, the stream rises to a maximum of 
27°'8 C., and this warm band extends for about 60 
miles. The temperature then falls to a minimum of 
26°’5 C., Avhich it retains for about 30 miles, when a 
second maximum of 27°'4 C. succeeds, which includes 
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the axis of the Gulf-stream, and is about 170 miles 
wide. This is followed by a second minimum of 
25°'5 C., and this by a third maximum, when the 
bands become indistinct. It is singular tliat the 
minimum bands correspond with valley -like depres- 
sions in the bottom, which follow in succession the 
outline of the coast and lodge deep southward exten- 
sions of the polar indraught. 

Tlie last section of the Gulf-stream surveyed by 
the American Hydrographcrs extends in a south- 
easterly direction from Cape Cod, lat. 11° N., and 
traces the Gulf-stream, still broken up by its bands 
of unequal temperature, spreading directly eastAvard 
across the Atlantic ; its velocity has, however, now 
become inconsiderable, and its limits are best traced 
l)y the thermometer. 

The course of the Gulf- stream beyond this point 
has given rise to much discussion. I again quote 
Professor Buff for what may be regarded as the 
vieAV most generally received among Physical Geo- 
graphers : — 

“ A great part of the Avarm Avatcr is carried partly 
by its OAvn motion, but chiefly by the prevailing west 
and north-AA’est Avinds, toAvards the coast of Europe 
and even beyond Spit/.bergen and Nova Zcmbla; and 
thus a part of the heat of the south roaches far into 
the Arctic Ocean, llcncc, on the north coast of the 
old Continent, avc ahvays find driftAVood from the 
southern regions, and on this side the Arctic Ocean 
remains free from ice during a great part of tlie year, 
even as far up as 80° north latitude ; Avbile on the 
opposite coast (of Greenland) the ice is not quite 
thawed even in summer.” The tAvo forces invoked 
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by Professor Huff to perform the work are thus the 
vis a tergo of the trade-wind drift, and the direct 
driving power of the anti-trades, producing what 
has been called tlie anti-trade drift. This is quite 
in accordance with tlie views hero advocated. The 
proportion in which these two forces act, it is un- 
doubtedly impossible in the present state of our 
knowledge to determine, 

Mr. A. G. Eindlay, a high authority on all hydro - 
graphic matters, read a paper on the Gulf-stream 
before the K-oyal Geographical Society, reported in 
the 13th volume of the Proceedings of the Society. 
Mr. Pindlay, while admitting that the temperature 
of north-eastern Europe is abnormally ameliorated by 
a surface-current of the warm water of the Atlantic 
which reaches it, contends that the Gulf-stream proper, 
that is to say the water injected, as it were, into 
the Atlantic through tlic Strait of Florida by the 
impulse of the trade-winds, becomes entirely thinned 
out, dissipated, and lost, opposite the Newfoundland 
banks about lat. 45° N. The warm water of tlie 
southern portion of the North Atlantic basin is still 
carried northwards ; Imt Mr. Findlay attributes this 
movement solely to tlio anti-trades — the south-west 
winds — which by their prevalence keep up a balance 
of progress in a north-easterly direction in the surface 
layer of the water. 

Dr. Carpenter entertains a very strong opinion that 
the dispersion of the Gulf- stream may he affirmed to 
be complete in about lat. 45° N. and long. 35° W. 
Dr. Carpenter admits the accuracy of the projection 
of the isotherms on the maps of Berghaus, Dove, 
Petermann, and Keith Johnston, and he admits like- 
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wise the conclusion that tlie abnormal mildness of the 
climate on the north-western coast of Europe is due 
to a movement of equatorial water in a north-easterly 
direction. “ What I question is the correctness of 
the doctrine that the north-east flow is an extension 
or prolongation of the Gulf-stream, still driven on 
hy the vis a tergo of the trade-winds — a doctrine 
which (greatly to my surprise) has been adopted and 
defended by my colleague Professor Wyville Thom- 
son. Eut wliilc these authorities attribute the wliolo 
or nearly the whole of this flow to the true Gulf- 
stream, I regard a large part, if not the whole, of 
that which takes place along our own western coast, 
and passes north and north-cast between Iceland and 
Norway towards Spitzhergen, as quite independent 
of that agency; so that it would continue if the 
North and South American continents were so coiii- 
pletely disunited that the equatorial currents would 
be driven straight onwards l)y the trade-Avinds into 
the Pacific Ocean, instead of being embayed in the 
(julf of Mexico and driven out in a nortli-east direc- 
tion through the ‘ narrows ’ off Cape Elorida.”' Dr. 
Carpenter docs not mean by tliis to endorse Mr. 
Eindlay’s opinion that the movement beyond the 
4-6th parallel of latitude is due solely to the drift of 
the anti-trades ; he says, “ On the view I advocate, 
the north-easterly flow is regarded as duo to the 
vis a f route originating in the action of cold upon 
the water of the polar area, whereby its level is 
always tending to depression.” ^ The amelioration 
of the climate of north-western Europe is tlms 

^ Dr. Carpenter ; Proceedings of the Koyal Geogi'aphical Society for 
1870, op. cit. “ Op. cit. 
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caused by a ‘ modified case ’ of the general oceanic 
circulation, and neither by the Gulf-stream nor by 
the anti-trade drift. 

Although there are, up to the present time, very 
few trustworthy observations of deep-sea tempera- 
tures, the surface temperature of the North Atlantic 
has been investigated with considerable care. Tlie 
general character of the isothermal lines with their 
singular loop-like northern deflections, has long 
been familiar through the temperature charts of tlie 
geographers already quoted, and of late years a pro- 
digious amount of data has been accumulated both 
abroad and by our own Admiralty and Meteoro- 
logical Department. 

In 1870, Dr. Petermann, of Gotha, published ' an 
extremely valuable scries of temperature charts, 
embodying the results of the reduction of upwards 
of 100,000 observations, derived cbiefly from tlie 
following sources : — 

1. Prom the wind and current charts of Lieu- 
tenant Maury, embodying about 30,000 distinct 
temperature observations. 

2. Prom 60,000 observations made by Dutch sea- 
captains, and published by the Government of the 
Netherlands. 

3. Prom the journal of the Cunard steamers be- 
tween Liverpool and New York, and of the steamers 
of the Montreal Company between Glasgow and 
Bclleislc. 

4. Prom the data collected by the secretary of the 

^ Dcr Golf-Strom und Standpunkt der thormometrischen Keniitniss 
des Nord-Atlantischen Oceans und Landgebietes im Jalire 1870. 
Justus Perthe’s ‘ Geograph isclie Mittheilungen/ Band IG. Gotha, 1870. 
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Scottish Meteorological Society, Mr. Buchan, with 
regard to the temperature of the sea on the coasts 
of Scotland. 

5. Broin the publications of the Norwegian Insti- 
tute on sea-temperatures between Norway, Scotland, 
and Iceland. 

G. From the data furnished by the Danish Ilear- 
Admiral Irminger on sea-temperature between Den- 
mark and the Danish settlements in Greenland. 

7. From the observations made by Earl Dutferin 
on board his yacht ‘ Foam ’ between Scotland, Ice- 
land, S])itzbergen, and Norway. 

And finally, from the recent observations collected 
by the English, Swedish, German, and llussian ex- 
peditions to the arctic regions and towards the 
North Pole. 

Dr. Petermann has devoted the special attention 
of a great part of his life to the distribution of heat 
on the surface of the ocean, and the accuracy and con- 
scientiousness of his work in every detail are beyond 
the shadow of a doubt. Plato VII. is in the main 
copied from his eharts, with a few modifieations and 
additions derived from additional data. The remark- 
able diversion of the isofhermal lines from their 
normal course is undoubtedly caused by surface ocean- 
currents conveying warm tropical Avater towards the 
polar regions. This is no matter of speculation, for 
the current is in many places perceptible through 
its effect on navigation, and the path of the Avarm 
Avater may be traced by dipping the thermometer 
into it and noting its temperature. 

In the North Atlantic every curve of equal tem- 
perature, whether for the summer, for the Avinter, for 
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a single month, or for tlie whole year, instantly 
declares itself as one of a system of curves which 
arc referred to the Strait of Plorida as a source of 
heat, and the flow of warm water may he traced in 
a continuous stream, indicated when its movement 
can no longer be observed by its form, — fanning out 
from the neighbourhood of the Strait across the 
Atlantic, skirting the coasts of Prance, Britain, and 
Scandinavia, rounding the North Cape and passing 
the White Sea and the Sea of Kari, bathing the 
western shores of Novaja Semla and Spitzbergen, 
and tinally coursing round the coast of Siberia, a 
trace of it still remaining to find its way tlirough 
the narrow and shallow Behring’s Strait into tlie 
North Pacific (see Plate VII.). 

Now, it seems to me that if we had only these 
curves upon the chart, deduced from an almost in- 
finite number of observations which are themselves 
merely laboriously multiplied corroborations of many 
previous ones, without having any elue to their 
rationale, we should he compelled to admit that 
whatever might be the amount and distribution of 
heat derived from a general oceanic circulation, — • 
Avhether produced by the prevailing winds of the 
region, by convection, by unequal barometric pres- 
sure, by tropical heat, or by arctic cold, — the Gulf- 
stream, the majestic stream of warm Avatcr whose 
course is indicated by the deflections of the isother- 
mal lines, is sufficiently powerful to mask all the 
rest, and, broadly speaking, to produce of itself all 
the abnormal thermal phenomena. 

The deep-sea temperatures taken in the ‘Porcu- 
pine,’ have an important hearing upon this question. 



CHAP. VIII.] 


THE GULF-STREAM. 


395 


since they give us the depth and volume of tlie mass 
of water wliich is heated above its normal tempera- 
ture, and which we must regard as the softener of 
the winds blowing on the coasts of Europe. Refer- 
ring to Eig. 60, in the Bay of Jliscay, after passing 
tlirough a shallow band superheated liy direct radia- 
tion, a zone of warm water extends to the depth of 
800 fathoms, succeeded by cold water to a depth of 
nearly two miles. In the llockall channel (Fig. 59) 
the warm layer has nearly the same thickness, and 
the cold underlying water is 600 fathoms deep. Off 
the Butt of the ‘Lews (Fig. 56) the bottom tem- 
perature is 5°'2 C. at 767 fathoms, so that there 
the warm layer evidently reaches to the bottom. 
In the Faeroe channel (Fig. 55) the warm water 
forms a surface layer, and the cold water underlies 
it, commencing at a depth of 200 fathoms, — 667 
fathoms above the level of tlie bottom of the warm 
water off the Butt of the Lews. The cold water 
abuts against the warm — there is no barrier between 
them. Fart of the warm water flows over the 
cold indraught, and forms the upper layer in the 
Fiferoe channel. What prevents the cold water from 
slipping, by virtue of its greater weight, under the 
warm water off the Butt of the Lews ? It is quite 
evident that there must be some force at work 
keeping the Avarm Avater in that particular position, 
or, if it be moving, compelling it to folloAV that 
particular course. The comparatively high tem- 
perature from 100 fathoms to 900 fathoms I have 
always attributed to the northern accumulation of 
the Avater of the Gulf-stream. The amount of heat 
derived directly from the sun by the Avater as it 
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passes through any particular region, must ho re- 
garded, as I have already said, as depending almost 
entirely upon latitude. Taking this into account, 
the surface temperatures in what we were in the 
habit of calling the ‘ warm area ’ coincided precisely 
with Petermann’s curves indicating the northward 
path of the Gulf-stream. 

I extract the following from a letter dated 23rd 
September, 1872, from Professor IT. Mohn, director of 
the IS'orwcgian Meteorological Institute at Christiania, 
to Mr. Buchan, the excellent secretary of the Scottish 
Meteorological Society : — “ I have this summer got 
some deep-sea temperatures which may he of general 
interest for our climate. In the Throndhjems-fjord 
I found IG^ o C. on the surface, and from 50 fathoms 
to the bottom (200 fatlioms) a very uniform tempera- 
ture of O’ o C. in one place, and 0° C. in another 
place further in. In the Sceguefjord I found 10° C. 
on the surface, and C. constantly from 10 to 
700 fathoms. Between Iceland and Pteroe, Lieu- 
tenant Muller, commander of the Bergen and Iceland 
steamer, has found this summer 8° C. at the bottom 
in 300 fathoms. This proves that the Gulf-stream 
water fills the whole of the channel, contrary to 
what is the case in the Eteroc-Shetland channel, 
where there is ice-cold water in a depth of 300 
fathoms.” The facts here mentioned are very 
important, and entirely confirm our results ; hut my 
chief object in giving the quotation is to show the 
unhesitating way in which the explanation which 
attributes the high temperature of the sea on the 
Scandinavian coast to the Gulf-stream is adopted b 
those best qualified to form an opinion. 
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The North Atlantic and Arctic seas form tosether 
a cul de sac closed to the northward, for there is 
practically no passage for a body of water through 
Behring’s Strait. While, therefore, a large portion 
of the water, finding,? no free outlet towards the 
north-east, turns southward at the A 9 ores, the re- 
mainder, instead of thinning off, has rather a ten- 
dency to accumulate against the coasts hounding 
the northern portions of the trough. We accordingly 
find that it has a depth off the west coast of Iceland 
of at least 4-, 800 feet, with an unknown lateral 
extension. Dr. Carpenter, discussing tliis opinion, 
says : “ It is to me physically inconceivable that 
this surface film of lighter (hccairse Avarmcr) water 
should collect itself together again — even supposing 
it still to retain any excess of temperature— and 
should burrow downwards into the ‘ trough,’ dis- 
placing colder and heavier tcater, to a depth much 
greater than that which it possesses at the point of 
its greatest ‘ glory ’ — its passage tlirough the Morida 
Narrows. The upliolders of this liypothcsis have to 
explain how such a re-collection and dipping-down 
of the Gulf-stream water is to be accounted for on 
physical principles.’” I believe that, as a rule, 
experimental imitations on a small scale arc of little 
use in the illustration of natural phenomena; a very 
simple experiment will, however, show that such a 
process is possible. If we put a tablespoonful of 
cochineal into a can of hot water, so as to give it 
a red tint, and then run it through a piece of india- 
rubber tube with a considerable impulse along the 
surface of a quantity of cold water in a bath, we see 

^ Di'. Carpenter's Address to Geographical Society, op. cit. 
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tlie red stream widening out and becoming paler over 
the general surface of the water till it reaches the 
opposite edge, and very shortly tlic rapidly heighten- 
ing colour of a band along the opposite wall indicates 
an accumulation of the coloured water where its 
current is arrested. If we now dip the band into 
tlie water of the centre of the bath, a warm bracelet 
merely encircles the wrist ; while at the end of the 
bath opposite the warm inllux, the hot water, though 
considerably mixed, envelopes the whole hand. 

The North Atlantic forms a basin closed to the 
northward. Into the corner of this basin, as into a 
bath, — with a north-easterly direction given to it by 
its initial velocity, as if the supply pipe of the bath 
were turned so as to give the hot water a delinitc 
impulse, — this enormous flood is poured, day and 
night, winter and summer. When the basin is full — 
and not till then — overcoming its northern impulse, 
the surplus water turns southwards in a southern 
eddy, so that there is a certain tendency for the hot 
water to accumulate in the northern basin, to ‘ bank 
down ’ ‘ along the north-eastern coasts. 

It is scarcely necessary to say that for every unit 
of water which enters the basin of the North 
Atlantic, and Avhich is not evaporated, an equivalent 
must return. As cold water can gravitate into the 
deeper parts of the oc(!an from all directions, it is 
only under peculiar circumstances that any move- 
ment having the character of a current is induced ; 

1 Ocean Currents. An Address delivered to tlio lioyal United 
Service Institution June, loth, 1871. l>y J. K. Laughton, ^LA., 
Naval Instructor at tln^ Royal Naval College. (From the Journal of 
the Institution, vol. xv.) 
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these circumstances occur, however, in the confined 
and contracted communication l)etwccn the North 
Atlantic and the Arctic Sea. Between Cape Pare- 
wcll and North Capo there are only two ehannels 
of any eonsiderahle depth, the one very narrow 
along the east coast of Iceland, and the other 
along the oast eoast of Greenland. The shallow 
part of the sea is entirely oecupied, at all events 
during summer, by tlio warm water of the Gulf- 
stream, except at one point, where a rapid current 
of cold Avater, very rcstrict(!d and very shallow, 
sweeps round the south of Spitzl)ergen and then 
dips under the Gulf-stream water at the northern 
entrance of the Gorman Ocean. 

Tliis cold flow, at first a current, finally a more 
indraught, affects greatly the temperature of the 
German Ocean; but it is entirely lost, for the slight 
current Avhich is again produced by the great con- 
traction at the Strait of Dover, has a summer tem- 
perature of 7° o C. The path of the cold indraught 
from Spitzhergen may be readily traced on the map 
by the depressions in the surlaec isothermal lines, and 
in dredging by the abundance of gigantic amphi- 
podous and isopodous crustaceans, and other avcII- 
known Arctic animal forms. 

Prom its low initial velocity the Arctic return 
current, or indrauglit, must doubtless tend slightly 
in a westerly direction, and the higher specific gravity 
of tlie cold water may probably even more power- 
fully lead it into the deepest channels; or possibly 
the two causes may combine, and in the course of 
ages the currents may hollow out dccji south- 
westerly grooves. At all events, the main Arctic 
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return currents are very visible on the chart taking 
this direction, indicated by marked dollections of 
the isotlicrmal lines. The most marked is tlie 
Labrador current, which passes down inside the 
Gulf-stream along the coasts of Carolina and New 
Jersey, meeting it in the strange abrupt ‘ cold 
wall,’ dipping under it as it issues from tlie Gulf, 
coming to the surface again on tlic other side, 
and a portion of it actually passing, under the Gulf- 
stream, as a cold counter-current into the Gulf of 
Mexico. 

Fifty or sixty miles out from the west coast of 
Scotland, I believe the Gulf-stream forms another, 
though a very mitigated, ‘cold wall.’ In 1808, 
after our first investigation of the very remarkable 
cold indraught into the channel between Shetland and 
Fferoc, I stated my belief that the current was entirely 
banked up in the Fieroe Channel by the Gulf-stream 
passing its gorge. Since that time I have been led 
to suspect that a part of the Arctic water oozes down 
the Scottish coast, much mixed, and sufiicicntly 
shallow to be affected throughout by solar radiation. 
About sixty or seventy miles from shore the isother- 
mal lines have a slight but uniform dcilection. 
lYithin that line types characteristic of the Scandi- 
navian fauna arc nuimnous in- shallow A\"atcr, and 
in the course of many years’ use of the toAving net 
I have iK'ver met with any of the Gulf-stream 
pteropods, or of the lovely Polycystina and Acantho- 
metrina which absolutely SAvarm beyond that limit. 
The difference in mean temperature between the 
east and west coasts of Scotland, amounting to 
about I’C., is also somewhat less than might be 
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expected if the Gulf-stream came close to tlie western 
shore. 

While the communication between the North 
Atlantic, and the Arctic Sea- itself a second cnl 
(le sac — is thus restricted, limiting the interchange of 
Avarni and cold water in the normal direction of the 
flow of tlie Gulf-stream, and causing the diversion of 
a largo part of the stream to the southwards, the 
communication with the Antarctic basin is as open as 
the day ; — a continuous and wide valley upwards of 
2,000 fathoms in depth stretching northwards along 
the Avestern coasts of Africa and Europe. 

That th(5 southern water wells up into this valley 
there could he little doubt from the form of the 
ground; but here again we liav(5 curious corroborative 
evidence on the map in the remarkable reversal of the 
cuiwcs of tlie isotherms. The temperature of the bot- 
tom Avater at ],:230 fiithoms off Jlockall is 3°'22 C., 
exactly the same as that of Avatcr at the same depth in 
the serial sounding, lat. J*7^ 38' N., long. 12’ 08' W. in 
the Bay of Biscay, Avhich affords a strong presumption 
that the Avater in both cases is derived from the sami* 
source; and the bottom water olf Bockall is warmer 
than the bottom Avater in the Bay of Biscay (2 ‘o C.), 
Avhile a cordon of temperature soundings draAvn from 
the north-Avest of Scotland to a point on the Iceland 
shalloAV ghx's no temperature low er than G“ 5 C. This 
makes it very improbable that the Ioav temperature 
of the Bay of Biscay is due to any considcrahle por- 
tion of the Spitzhergen current jiassing doAvn the Avest 
coast of Scotland ; and as the cold current to the 
east of Iceland passes soutlnvards considerably to the 
westward, as indicated on the map by the successive 

1 ) n 
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depressions in the surface isotherms, tlie balance of 
probability seems to be in favour of the view that tlic 
conditions of temperature and the slow movement of 
this vast mass of moderately cold water, nearly two 
statute miles in depth, are to be referred to an 
Antarctic rather than to an Arctic ori'dn, 

Cj 

The North Atlantic Ocean seems to consist first of 
a great sheet of warm water, the general nortlicrly 
reflux of the equatorial current. Of this the greater 
part passes through the Strait of Elorida, and its 
north-easterly How is aided and maintained by the 
anti-trades, the whole being generally calh'd tlie 
Gulf-stream, 'riiis layer is of \arying depths, aji- 
parcntly from the observations of Captain Cliimmo 
and others, thinning to a hundred fathoms or so in 
the mid- Atlantic, but attaining a depth of 700 to 800 
fathoms olf the west coasts of Ireland and Spain. 
Secondly of a ‘ stratum of intermixture ’ which ex- 
tends to about 200 I'athoms in tlie Bay of Biscay, 
through which the temperature falls rather rapidly ; 
and thirdly, of an underlying mass of cold Avater, 
in the Bay of Biscay 1,500 fathoms deep, dcrii ed as 
an indraught falling in by gravitation irom the 
deepest available source, Avhether Arctic or Antarctic. 
It seems, at first sight a startling suggestion, 
that the cold Avatcr filling deep ocean valleys in the 
northern hemisphere may bo partly derived from 
the southern; but this dilliculty, I believe, arises 
from the idea that there is a kind of diaphragm at 
the equator between the northern and southern ocean 
basins, one of the many misconceptions which follow 
in the train of a notion of a convective circulation in 
the sea similar to tliat in the atmosphere. There is 
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undoubtedly a gradual elevation of an int(!i’tro[)lc‘al 
Ix'lt of tlie undcivlving cold water, uhich is beins 
raised by tlie sul)sidirig of still eolder water into its 
bed to supply the plae(; of the water removed by the 
equatorial current and by excessive evaporation; but 
such a movement must bo widely and irregularly 
diffused and excessively slow, not in any sense com- 
parable with the diaphragm produced in the atmo- 
sphere by the rushing upwards of the north-east and 
south-east trade-winds in the zone of calms. •Pcrha])s 
one of the most conclusive proofs of the extreme 
slowness of the movement of tlie deep indraught is 
the nature of the bottom. Over .a great part of the 
floor of the Atlantic a deposit is being formed of 
microscopic shells. These with iheir living inlia- 
bitanls differ little in specific weight from the watcu- 
itself, and form a creamy lloceulent layer, which must 
he at once removed wherever there is a pereeplibh' 
movement. In Avatcr of moderate depth, in the 
course of any of the currents, this dejiosit is entirely 
alisent, and is replaced liy coarser or finer graA'el. 

It is only on tin' surface of the sea that a line is 
drawn behveen the two iiemis])lH‘vcs by the equatorial 
current, whose effect in shedding a vast intertrojiical 
drift of water on either side as it breaks against the 
('astern sboirs of equatorial land may be si'on at a 
glaiwe on the most elementary physical chart. 

The (lulf-stream loses an enormous amount of heat 
in its northern tour. At a point 200 milc'S Avc'st of 
TJshant, AA'here obs(n*vatious at the greatc'st dcApths 
AA'cre made on board the ‘ Toreupine,’ a section of 
the Avater of the j\tlantic shoAVs three sui’faccs at 

AAdiich interchange, of temperature is taking place. 

0 


j) n 
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First, the surface of the sea — that is to say, the 
ui)j)er surface of the Gulf-stream layer — is losing 
heat rai^idly by radiation, by contact with a layer of 
air whicli is in constant motion and being per- 
petually cooled by convection, and by the con- 
version of water into vapour. ‘ As this cooling of 
the Gulf-stream layer takes place principally at tlie 
surface, thcr tcunporature of the mass is kept pretty 
iiniform by convection. Secondly, the hand of con- 
tact of the lower surface of the Gulf-slrcam water 
with the upp(a“ surface of the cold indraught. Here 
the interchange of temperature must he very slow, 
thougli that it docs take ])lace is shown by tlie 
slight depression of the surface isotherms over the 
principal paths of the indraught. But there is a 
good deal of iutermi.vture extending through a con- 
sidcral)le layer. Tlie cold Avater being beneath, 
convection in tlie ordinary sense cannot occur, and 
int('rchango of temp(;raturc must depend mainly 
upon conduction and dilfusion, causes which in the 
case of masses of water must be almost secular in 
their action, and proba1)ly to a mucli greater extent 
upon mixture produced by local currents and by 
tlie tides. The third surface is that of contact he- 
Iwecn tlie cold indraught and the bottom of the 
sea. The temjierature of the crust of the earth 
has been variously calculated at from 4" to 11° C., 
but it must be completely cooled down by anything 
like a movement and constant renewal of cold watei-. 

[ On Dc'op-seii Cliiiiatos. The Substanco of a Lecture doUvered to 
the Natural Science Class in (^{iiccn^s College, Belfast, at the close of 
the Siuniner Session 1870, by Profes.sor Wyville Thomson. (Nature, 
duly L>8th, 1870.) 
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All Avc can say, therefore, is that contact willi tlic 
bottom can never be a source of depression of t(!m- 
pcraturc. As a general result the Gulf-stroani water 
is nearly uniform in temperature throughout llu' 
greater part of its depth; there is a marked zone 
of inlcrmixturc at the junction betwci'ii ihe warm 
water and the cold, and the uater of tlic cold 
iudrauglit is regularly stratified l)y gravitation ; 
so that in d(;ep water tlu'. contour lines of tlnj 
sea-hottom are, sp('akiug g<‘n(']‘ally, lines of e(iual 
temperature. Xceping in view the enormous in- 
(luenco which ocean currents exercise in the dis- 
tribution of climates at the present time, 1 tliink 
it is scarcely going too far to suppose that such 
currents — movements communicated to the water by 
constant Avinds — existed at all geological pc'riods as 
the great means, I had almost said the soh; }n('ans, 
of producing a general oceanic circulation, and thus 
distributing heat in the ocean. Tb(\v must liave 
existed, in fact, Avherever equatorial land inter- 
rupted the ])ath of the drift of the tradt'-winds. 
Wherever a warm curi-enl Avas dellected to north 
or south from the equatorial belt a polar indraught 
crept in beneath to supply its ])lace; and the oceai\ 
consequently consisted, as in the Atlantic and 
doubtless in the raeilie at the presimt day, of an 
upper Avarm stratum, and a lower layer of cold 
water beeoiuiug gradually colder Avith increasing 
de])th. 

1 fear, then, that in opposition to llu' views of 
my distinguished colleague, I must n'peat that I 
have seen as yet no rea.son to modify the o[)inion 
Avhieh I have consistently held from the first, that 
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the remarkable conditions of climate on the coasts 
of Northern Miirope arc due in a broad sense solely 
to the Gulf-stream. That is to say, that although 
movements, some of them possibly of considerable 
importance, must he produced hy diHerences of spe- 
cific gravity, yet the influence of the great current 
Avhich we call the Gulf-stream, the reflux of the 
great equatorial current, is so paramount as to reduce 
all otlu'r causes to utter insignificance. 
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The time lias not yet arrived for giving anytliing 
like a detailed account of the deep-sea fauna; even 
if it Avere possible to do so in a popular sketch of 
the general results of a Avide investigation. I must 
therefore coniine myself at present to a brief outline 
of the distribution of the forms of animal life Aidiich 
\A cro met Avith in the belt partially examined during 
the ‘ rorcupiiie ’ dredgings, a belt AA'liieh carries tlic 
Jh-itish zoological area about a hundred miles further 
out to seaAvard along the northern and westeru coasts 
of the British Isles, and into depths extending from 
200 fatlioms, tlic ju’cvious limit of accurate knoAi^- 
ledgc, to 800 and 1,000 fathoms, and in one or tAvo 
instances to the extreme depth of upwards of 2,000 
fathoms. 
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The remarkable general result that even to these 
great depths the fauna is varied and rich in all the 
marine invertebrate groups, has inundated us with 
new material which in several of the larger depart- 
ments it will take years of the labour of specialists 
to work up. While referring very briefly to those 
orders which it has been found impossible as yet to 
overtake, 1 will enter a little more fully into the 
history of certain restricted groups which more par- 
ticularly illustrate the conditions of the abyssal 
region, and the relations of its special fauna to the 
faunae of other zoological provinces, or to those of 
earlier times. And very prominent among thcs(5 
special groups we find the first and simplest of the 
invertebrate sub-kingdoms, the Protozoa, represented 
by three of its classes, — the moncra, the rhizopoda, 
and the sponges. 

Tlic moncra have been lately defined as a distinct 
class by Professor Ernst Haeckel,^ for a vast assem- 
blage of almost formless beings, apparently abso- 
lutely devoid of internal structure, and consisting 
simply of living and moving expansions of jelly-like 
protoplasm ; and although the special character on 
Avhich Haeckel separates them from the remainder of 
the protozoa, — that they arc propagated by no form 
of sexual reproduction, but simply by spontaneous 
division, — may probably prove deceptive as our know- 
ledge increases, still their number, their general 
resemblance to one another, presenting obviously 
different and recognizable kinds although with very 
indefinable characters, and the important part which 

' Biologische Studieii. Von Dr. Ernst Haeckel, Professor an dor 
Universitiit Jena. Leipzig, 1870. 
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they play in the economy of nature, would seem to 
entitle them to a systematic position of more than 
ordinal value. The German naturalists of the new 
school, in their enthusiastic adoption of the Dar- 
winian theory of evolution, naturally welcome in 
these ‘ moners ’ the essential attribute of the ‘ Ur- 
schlcim,’ an infinite capacity for improvement in 
every conceivable direction; and to more prosaic 
physiologists they are of the deepest interest, as 
presenting the essential phenomena of life, nutri- 
tion and irritability, existing apparently simply as 
the properties of a homogeneous chemical compound, 
and independent of organization. 

Tlie monera pass into the rhizopoda, whicli give 
a slight indication of advance, in the definite form 
of the graceful calcareous shell-like structures which 
most of them secrete, and the two groups may be 
taken together. 

The dredging at 2,435 fathoms at the mouth of 
the Bay of Biscay gave a very fair idea of the con- 
dition of the bottom of the sea over an enormous 
area, as we know from many observations which 
have now been made, Avitli the various sounding 
instruments contrived to bring up a sample of the 
bottom. On that occasion the dredge brought up 
about 1| cwt. of calcareous mud. There could be 
little doubt, from the appearance of the contents of 
the dredge, that the heavy dredge-frame had gone 
down with a plunge, and partly buried itself in 
the soft, yielding bottom. The throat of the dredge 
thus beeame partly choked, and the free entrance 
of the organisms on the sea-floor had been thus 
prevented. The matter contained in the dredge con- 
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sisted mainly of a compact ‘mortar,’ of a bluish 
colour, passim? into a thin — evidently superficial — 
layer, much softer and more creamy in consistence, 
and of a yellowish colour. Under the inicroscojie tin; 
surface-layer was found to consist chielly of entire 
shells of Globigerinu hulloides (Pii?. 2, ]). 22), large 
and small, and fragments of such shells mixed 
Avitli a quantity of amorphous calcareous matter in 
line particles, a little fine sand, and many spicules, 
portions of spicules, and shells of lladiolaria, a few 
spicules of sponges, and a few frustules of diatoms. 
BoIoav the surlace-laym* the sediment becomes 
gradually more compact, and a slight grey colour, 
due probably to the decomposing organic matter, 
becomes more pronounced, while })crfect shells of 
globigerina almost cntiiady disappear, fragments be- 
come smaller, and calcareous mud, structureless and 
in a line state of division, is in greatly preponderat- 
ing pro])ortion. One can liavc no doubt, on examining 
this sediment, that it is formed in the main by the 
accumulation and disintegration of tlie shells of 
globigerina — the shells fresh, whole, and living in 
the surface-layer of the deposit, and in the lower 
layers dead, and gradually crumbling down by the 
decomposition of their organic cement, and by the 
pressure of tlui layers above — an animal formation in 
fact being formed V(“ry much in the same way as in 
the accumulation of vegetable matter in a peat bog, 
by life and growth above, and death, retarded de- 
composition, and compression beneath. 

In this dredging, as in most others in the bed 
of the Atlantic, there was evidence of a considerable 
<iuautity of soft gelatinous organic matter, enough 
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to i'ivc a slight viscosity to the mud of the surface 
layer. If the mud be shaken with weak spirit of 
Aviue, line Hakes separate like coagulated mucus ; 
and if a little of tlic mud in Avhich this viscid con- 
dition is most marked be placed in a drop of sea- 
water under the microsco[)e, Ave can usually see, 
after a time, an irregular nctAVork of matter resem- 
bling AA'liite of egg, distinguishable by its maintaining 
its outline and not mixing Avith tlic Avatcr, This 
netAvork may l)o seen gradually altering in form, and 
entangled granules and foreign bodies change their 
relative positions. The gelatinous matter is therefore 
capable of a certain amount of movement, and there 
can be no doubt that it manifests the phenomena of 
a V(‘ry simple form of life. 

To this organism, if a being can be so called Avliich 
shoAVS no trace of dilferentiatioix of organs, consist- 
ing apparently of an amorphous sheet of a protein 
compound, irritable to a low degree and capable of 
assimilating food, Trofessor Huxley has given the 
name of l^alhijlnns haeckelil (Fig. Od). If tliis liaA'c a 
claim to l)c recognized as a distinct living entity, ex- 
hibiting its mature and liual form, it must be referred 
to the sim})lest division of the shell-less rhizopoda, or 
if Ave adopt the class proposed by Professor Haeckel, 
to the monera. The circumstance *Avhieh gives its 
special interest to llathybius is its enormous extent : 
whether it be continuous in one vast sheet, or broken 
up into circuniscril)('d indiA'idual particles, it appears 
to extend o\x‘r a largo part of tlie bed of the oeeaxi : 
and as no living thing, however sloAvly it may live, 
is cA'er perfectly at rest, but is continually acting and 
reacting Avith its surroumliugs, the I)()ttom of the 
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sea becomes like the surface of the sea aud of the 
land, — a theatre of change, performing its part in 
maintaining the ‘ balance of organic nature.’ 



lit. IhiM' .Ul-Ds.xrn- Cyfndf \()11 H:itli\ liill'. lint fllrjiliid f cten ( 'ncci'dll lull. D.ii I’ldl" 

jilasiiia. Well lies ^ie](■ Discolitheii iiiul ( '.Millioliiheiinilliiilt, bihlcl nii Nct/,wcik uni luviliii 
lr.uig'-!i ” ( TO'i.) 1 


’ IJiologischo Stu(li(.*ri. Voii Dr. Ihriisi iL-itickcl, Dro lessor an tier 
1 'iiiv(.*rsitiit rieiia. Lcijizig, 1^70. 
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Entangled and borne along in tlie viscid streams 
of Eatliybius, we so constantly find a multitude of 
minute calcareous bodies of a peculiar shape, that 
the two were for long supposed to liave some 
mutual relation to one another. Tliesc small l)odics, 
which have been carefully studied by Huxley,' 
Sorby," HaeekeV' Carter,' (iiimbel,' and others, are 
in shape somewhat like oval sliirt-studs. There is 
lirst a little oval disk about O'Ol miu. in Icnglh, with 
an oblong rudely facetted elevation in the centre, 
and round that, in frcsli specimens, what seems to be 
a kind of frill of organic matter, then a short neck, 
and lastly a second smaller Hat disk, like the disk 
at the back of a stud. To these bodies, which are 
met with in all stages of development. Professor 
liuxley has given the name of ‘ coccoliths.’ Some- 
times they are found aggregated on the surface of 
small transparent membranous lialls, and those 
which seemed at lirst to have something to do with 
llio production of the ‘coccolilhs’ Dr. "Wallich has 
called ‘ coccospheres ’ (Fig. Otj. Professor Ernst 
Haeckel has lately described a very elegant organ- 
ism belonging to the radiolaria and apparently 
allied to ThuhmicoUit,— Jrij.vobrachid rltoindniu, — and 
at the ends of some curious diverging appendages 
of this creature he has detected accumulations of 
bodies closely resembling, if not identical with, the 
coccoliths and coccospheres of the sea-bottom. These 

‘ (jjiiarterly Journal of Microscopical Science, 18(58, p. 20’). 

“ IVoccctliiigs of the Slicllicld Literary and I^liilosopliical Society, 
October 18G0. ^ 0[). cil. 

^ Ann. and Mag. .Nat. I list. 1871, p. 181. 

^ tJahrbuch Miinch. 1870, p. 75.*?. 
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bodies seem to have been taken in to the Mtfxo- 
hrachia as food, the hard parts aeciimulaiiii" in 
cavities in the animal’s body after all the available 
nourishment had been absorbed. It is undouhtcal 
that a large niimhcr of the organisms whoso skele- 
tons are mixed with the ooze of tlic bottom of the 
sea live on tlio surface, the delicate silicious or cal- 
careous shields or spines falling gradually through 
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the water and finally reaching the bottom, what- 
ever h(! the depth. I think that now the lialanee of 
opinion is in favour of the view that the coecolitlis 
are joints of a minute unicellular alga living on tin* 
sea-surface and sinking down and mixing with the 
sarcode of Batkyhim, very probably taken into it with 
a purpose, for the sake of the vegetable matter 
they may contain, and which may afford food for 
the animal j(dly. M'hat the coccosjdieros are, and 
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what relation, if any, tlicy have to the coccoliths, 
wc do not know. 

Living upon and among this Jin lln/bi lift, we find 
a multitude of other protozoa, — foraminifora and 
otlier rhizopods, radiolarians, and sponges ; and we 
as yet know very little of tlio life-history of tlies(‘ 
grou[)s. Tlieni can he no doiiht that wlien their 
development has been fully traced many of them 
will he found to he di- or poly-roorphic, and that 
when Avc are acquainted with tlieir mode of mulli- 
plication av{“ shall meid with many cases of pleo- 
morphism and wide difha-enees between the organs 
and products involved in propagation and in repro- 
duction. I feel hy no m(;ans satisfied that Baflij/biiiti 
is the permanent form of any distinct living being. 
Tt has seemed to me that dillerent samples have been 
dilfei’cnt in ai)pearance and consistence; and although 
there is nothing at all improbable in tlie abuiulance 
of a very simpler shell-less •juoner’ at the hottom 
of the sea, L think it not impossible that a great 
deal of the ‘ bathybius,’ that is to .say the diffused 
formless protoplasm which we find at great dej)ths, 
may be a kind of mycelium — a formless condition 
conneeled either with the growth and mulfiplieation 
or with the diwav — of many dillerent thiniis. 

jVlany foramiiiifera of diHereiit groups iiihabif 
tlui deej) Avater, lying upon or mixed in the upper 
layer of the glohigerina ooze, or fixed to some foreign 
body, such as a sponge, coral, or stone ; and all of 
those arc romarkal.de for their large size. In the 
‘warm area,’ and Avherever the bottom is covered with 
ooze, calcareous forms predominate, and large sandy 
eristellarians, Avith their sand-grains bound togefher 
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by calcareous comcnt, so that the sand-grains show- 
out, dark and conspicuous, scattered on the surface 
of the white shell. Miliolines are abundant, and 
the specimens of Gormispira and JBiloculim are 
greatly larger than anything which has been hitherto 
met with in temperate regions, recalling the tropical 
forms Avhich abound among the Pacilic Islands. 

In the cold area, and in the paths of cold currents, 
foraminifera with sandy tests are more numerous; 
some of those of the genera Astrorhiza, Lituola, 
and BotelUna are gigantic— large examples 30 mm. 
long by 8 mm. in diameter. 

The few hauls of the dredge which we have already 
had in deep water have been enough to teach us that 
our knowledge of sponges is in its infiincy, — that those 
which we have collected from shallow water along 
our shores, and even those few wliieli have been 
brought up from deep water on fishing lines, and 
have surprised us hy the beauty of their forms and 
the delicacy of their lustre, are the mere margin and 
remnant of a Avondcrfully diversified sponge-fauna 
which appears to extend in endless variety over the 
whole of the bottom of the sea. I cannot attempt 
hero more than a mere outline of the general cha- 
racter of the additions which have been made to our 
knowledge? of this group. The sponges of the ‘ Por- 
cupine’ Expedition arc now in the hands of Mr. 
Henry Carter, E.ll.S., for description; and an ex- 
cellent sketch of the sponge-fauna of the deep Atlan- 
tic, bringing information on certain groups up to a 
late date, has been published by the best authority 
we have on sponges, Professor Oscar Schmidt of 
Gratz. 
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As I have already said, the most remarkable new 
forms are referable to the group whieli seems to be, 
in a sense special to deep water, the llexactinellidte. 
I have already (p. 70) briefly described one of the 
most abundant and singular forms belonging to this 
order, IloUenia carpenteri ; and all the others, 
though running through most remarkable variations 
in form and general appearance, agree witli RoUenia 
in essential structure. In the Ilexactinellidae all the 
spicules, so far as we know, are formed on the hex* 
radiate plan ; that is to say, there is a primary axis, 
wliich may be long or short, and at one point four 
secondary rays cross this central shaft at right angles. 
Very often one-half of the central shaft is absent or 
is represented by a sliglit rounded boss, and in that 
case we have a spicule with a cross-shaped head, a 
very favourite foriir in the manufacture, defence, and 
ornament of the surface layer of these sponges ; and 
often the secondary rays are undeveloped : hut if 
tliat bo so, — as in the long fibres of tlie whisp 
of ■ Ilyalonema, — in young siiieiiles and in others 
which are slightly abnormal, four little elevations 
near the middle of the spicule, which contain four 
secondary branches of tlie central canal, maintain the 
permanence of the type. In many of the Hexac- 
tinellidse the spicules arc all distinct, and combined, 
as in IloUenia, by a small quantity of nearly trans- 
parent sarcode; but in others, as in ‘Venus’s flower- 
hasket,’ and the nearly equally beautiful genera 
IpJdteon, Aphroeallistes, and Farrca, the spicules 
run together and make a continuous silicious net- 
work. When this is the case the sponge may be 
boiled in nitric acid, and, all the organic matter 

E E 



418 THE DEPTHS OF THE SEA. [chap. ix. 

and otheEss impurities thus removed, the skeleton 
comes out a lovely lacy structure of the clearest 
glass. The six-rayed form of the spicules gives the 
network which is the result of their fusion great 
flexibility of design, with a characteristic tendency, 
however, to square meshes. 

On the 30th of August, 1870, Mr. Gwyn Jeffreys 
dredged in 051 fathoms in the Atlantic off the mouth 
of tlie Strait of Gibraltar an exquisite sponge, 
resembling Iloltenia in its general appearance, but 
differing from it in the singular and beautiful cha- 
racter of having a delicate outer veil about a centi- 
metre from the surface of the sponge, formed by the 
interlacing of the four secondary rays of large fivc- 
rayed spicules, which send their long shafts from that 
point vertically into the sponge body (Eig. 65). The 
surface of the sponge is formed of a network of large 
flve-radiate spicules, arranged very much as in llol- 
tenki ; but the spicules of the sarcode — the small 
spicules which arc embedded in the living sponge-jelly 
— are of a totally different form. A single large 
‘ osculum ’ opens, as in Iloltenia, at the top of the 
sponge, but instead of forming a cup uniformly 
lined with a netted membrane, the oscular cavity 
divides at the bottom into a number of branching 
passages as in Pheronema anms, described by Dr. 
Leidy. I was inclined at first to place this s])ecies 
in the genus Pheronema, but Dr. Leidy’s descrip- 
tion and figure are by no means satisfactory, and 
may refer to some other form of the HoUenia group. 
The spicules of the ‘ beard’ are axore rigid and thicker 
than those of Iloltenia, a^d leattered among them 
are some very large four-barbed grappling hooks. 
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oil:' tlie Butt of the Lews, in water of 450 to 500 
fathoms, we met on two occasions with full-grown 
specimens of a species of the remarkable genus 
Jlf/alonema (Fig. 06), with the coils in the larger 
examples upw^ards of 40 centimetres in length. 
}fi/alo>iema is certainly a very striking object ; and 
although our specimens belong apparently to the 
same species, 11. Insitaiiicum, which has already been 
recorded by Professor Barboza du Bocage from the 
(joast of Portugal, it is one of the most interesting 
additions made to the British fauna during our 
cruise. 

A bundle of from 200 to 300 threads of trans- 
parent silica, glistening tvith a silky lustre, like the 
most brilliant spun-glass, — each thread from 30 to 40 
centimetres long, in the middle the thickness of a 
knitting needle, and gradually tapering towards either 
end to a line point ; the whole bundle coiled like a 
strand of rope into a lengthened spiral, the threads of 
the middle and upper portions remaining compactly 
coiled by a permanent tw ist of the individual threads ; 
the lower part of the coil, which, wlicn the sponge is 
living, is imbedded in the mud, frayed out so that the 
glassy threads stand separate from one another, like 
the bristles of a glittering brush ; the upper portion 
of the coil close and compaet, imbedded perpen- 
dicularly in a conical or cylindrical sponge ; and 
usually part of the upper portion of the silicious 
coil, and part of the sponge-substance, covered 
with a brownish leathery coating, whose surface is 
studded with the polyps of an aleyonarian zoophyte : 
— such is the general clfect of a complete specimen 
of Ihjalonema. 




1' *11 ihjilciui lu6itauicuiii, J3ahui)za du 13ocagk. 
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The genus was first known in Europe by specimens 
brought from Japan by the celebrated naturalist and 
traveller, Von Siebold ; and Japanese examples of 
Hyalonema sieboldi, Gray, may now be found more 
or less perfect in most of the European museums. 
When the first specimen of Hyalonema was brought 
home, the other vitreous sponges which approach it 
so closely in all essential points bf structure wore 
unknown, and the history of opinion as to its rela- 
tions is curious. 

The being consisted of three very distinct parts ; 
first, and greatly the most remarkable, the eoil of 
silicious needles; tlien the sponge, — and for long it 
Avas supposed that this was the base of the structure, 
from Avhich the glossy brush projected, spreading out 
al)Ove it in the Avater; and thirdly, the ai)parently 
constant encrusting zoophyte. 

This complicated association suggested many pos- 
sibilities. Was Hyalonema a natural production at 
all ? Was it complete ? Were all the three parts 
essentially connected together ? And if not, Avcrc all 
the three independent, or did tAvo of three parts 
belong to the same thing ? and if so, which two ? 

Hyalonema Avas first described and named in 
1835 by Dr. Jolm Edward Gray, who has since, 
in one or two notices in the ‘ Annals of Natural 
History ’ and elscAvhere, vigorously defended tlie 
essential part of his original position. Br. Gray 
associated the silicious whisp with the zoophyte, 
and regarded the sponge as a separate organism. 
He looked upon the silicious coil as th© l^proscnta- 
tive of the horny axis of the sca-fhlis {Gorgonue), 
and ihe leather-like coat ho regarded aS its fleshy 
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rind. He supposed that between this zoophyte and 
the sponge at its base, there subsisted a relation of 
guest and host, the zoophyte being constantly asso- 
ciated with the sponge ; and in accordance with this 
view he proposed for the reception of the zoophyte 
a new group of alcyonarians under the name of 
‘ Spongicoloo,’ as distinguished from the ‘ Sabulicolre ’ 
{Tennatuliv) and the ‘Hupicolse’ [Gorgonice). 

Dr. Gray’s view seemed in many respects a natural 
one, and it was adopted in the main by Dr. Brandt 
of St. Petersburg, who in 1859 published a long 
memoir, describing a number of specimens brought 
from Japan to Bussia. Dr. Brandt referred what he 
believed to be a zoophyte consisting of the coil and 
the crust, to a special group of sclerobasic zoanth- 
arians with a silicious axis. 

One consideration militated strongly against this 
hypothesis of Dr. Gray and Professor Brandt. No 
known zoophyte bad a purely silicious axis ; and 
sueli an axis made up of loose separate spicules 
seemed strangely inconsistent wilh tlic liarmony of 
the class. On the other hand, silicious spicules of 
all forms and sizes were conceivable in sponges ; 
and in 1857 Professor Milne-Edwards, on the 
authority of Valenciennes, Avho was thoroughly 
versed in tlic structure of the Gorgonice, combined 
the sponge with the silicious rope, aud degraded the 
zoophyte to the rank of an encrusting parasite. 

Anything very strange coming from Japan is to 
be regarded with some distrust. Tlie Japanese are 
wonderfully ingenious, and one favourite aim of 
tlieir misdirected industry is the fabrication of im- 
possible monsters by the curious combination of the 
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parts of different animals. It was therefore quite 
possible that the whole thing might bo an imposi- 
tion : that some beautiful spicules separated from 
an unknown organism had been twisted into a Avhisp 
by the Japanese, and then manipulated so as to 
have their fibres naturally hound together by the 
sponges and zoophytes wliich are doubtless raj)idly 
developed in the Mongolian rock-pools. Ehrenherg, 
when he examined Jli/alonenia, took this view, lie 
at once recognized the silicious strands as the spicules 
of a sponge quite independent of tlio zoophyte with 
which they were encrusted; hut he suggested that 
these might have heen artificially combined into the 
spiral coil and placed under artificial circumstances 
favourable to the growth of a sponge of a different 
species round their base. The condition in which 
many specimens reach iiliirope is certainly calculatcMl 
to throw some doubt on their genuineness. It seems 
that the bundles of spicules made up in vaiioiis 
ways, are largely sold as ornaments in China and 
Japan. The coils of spicules arc often stuck upright 
with tlicir upper ends in circular holes in stones. 
Mr. Huxley exliibited a few years ago at tlie 
Linnacan Society a beautiful specimen of this kind 
now in the Eritish Museum : — a stone has been 
bored, probably by a colony of boring molluscs, and 
a Avhole colony of Uyalonemas, old and young, arc 
apparently growing out of the burrows, the larger 
individuals more than a foot in length, and the 
young ones down to an inch or so, like tiny camel’ s- 
hair pencils. All these are encrusted by the usual 
zoophyte, which also extends here and there over 
the stone (glued on probably), but there is no trace 
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of the sponge. Sueh an association is undoubtedly 
artificial. 

Dr. Bowcrbank, another great sponge authority, 
takes yet another view. lie maintains “ that the 
silicious axis, its envelopment, and the basal sj)onge 
arc all parts of the same animal.” The polyps 
lie regards as ‘ oscula,’ forming with the coil a 
‘ columnar cloacal system.’ 

Professor Max Schultze, of Bonn, examined with 
great care several perfect and im])erfect specimens of 
Ilyalonema in the Museum of Leyden, and in 1800 
puhlislu'd an elaborate description of its structure. 
According to Schultze, the conical sponge is the 
body-mass of Ilyalonema, a sponge allied in every 
respect to Enplectclla ; and the silicious coil is an 
appendage of the sponge formed of modified spicules. 
Tlie zoophyte is of course a distinct animal altogether, 
and its only connection with tlie .s^jonge is one of 
‘ commensalism.’ It ‘ chums ’ with tlie sponge for 
some purpose of its own, — certainly getting support 
from the coil, probably sharing the oxygen and 
organic matters carried in by the ciliary system of 
the sj)onge passages. This style of association is 
very common. We have another example of the 
same thing in Palyihoa axinelhn, Schmidt, a con- 
stant ‘commciisal’ with Axinella ciunmnomca and 
A. verrucosa, two Adriatic sponges. 

In 1864 Professor Barhoza du Bocage, director 
of the Museum of Natural History in Lisbon, com- 
municated to the Zoological Society of London tiie 
unexpected news that a species of Ilyalonema had 
been discovered off the coast of Portugal ; and in 18(55 
he published, in the Proceedings of the same Society, 
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an additional note on the habitat of ILjalonema lusi- 
lanicum. It appears that the fishermen of Setuhal 
frequently bring up on their lines, from a consider- 
able doj)th, coils of silicious threads closely resem- 
bling those of the Japanese species, which tliey 
CA^en surpass in size, sometimes attaining a length of 
about 50 centimetres. The fishermen seem to be very 
familiar with them. They call them ‘ sea-whips,’ 
but with the characteristic superstition of their class 
they regard all tlicse extraneous matters as ‘ unlucky,’ 
and usually tear them in pieces and throw them 
into the Avater. Judging from some specimens in 
the British Museum, and from Senhor du Bocage’s 
figure, the ‘ glass-rope ’ of tlie Portuguese form is 
not so thick as that of II. sieholdi. There is also 
some slight difference in the sculpture of the long 
needles, but the structure of the sponge and tlic very 
characteristic forms of the small spicules arc identical 
in the two. I doubt if there be more than varietal 
distinctions between the t\\m forms ; and if that be 
so, it adds another to the list of species common to 
our seas and the seas of Japan. 

Perhaps the most singular circumstance connected 
Avith this discussion AA'^as that all this time avo had 
been looking at the sponge upside doAvn, and that it 
had never occurred to anyone to reverse it. "We had 
probably taken this notion from the specimens stuck 
in stones, brought from Japan, and the sponge cer- 
tainly looked very like the base of the edifice. When- 
ever the sponges Avere dredged on the coasts of Europe 
and compared Avith allied things, it became evident 
that the whisp Avas an organ of support passing out 
of the lower part of the sponge, and that the flat. 
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or sli”litly-eupped disk, with a papilla in the centre 
receiving the upper end of the coil, with large oscular 
openings, and a fringe of delicate radiating spicules 
round the edge, w'as tlie top of the sponge, spreading 
out probably level with the surface of the ooze. 

Tn essential structure IIi/uloHcma very closely rc- 
scinl)lcs Iloltenia, and the more characteristic forms 
of the llexactinellidae. The surface of the sponge is 
supported by a square network, formed by the sym- 
metrical arrangement of the four secondary rays of 
livc-rayed spicules, and the sarcode wl)icli binds these 
branches together is full of minute feathered fm;- 
rayed spicules, which project from the branches like 
a delicate fringe. , The oscula are cbielly on the upper 
disk, and lead into a number of irregular 2)assagcs 
which traverse the body of the sponge in all direc- 
tions. "WTicn we trace its dcvelo})ment, the coil 
loses its mjstery. On one of the lloltenue from the 
Ilutt of the Lews, there was a little accumulation 
of greenish granular matter among the fibres. On 
placing this under the miscroscoj)e it turned out to 
be a number of vciy young sponges, scarcely out of 
their germ state. They were all at first sight very 
much alike, minute 2)ear-shapcd bodies, with a long 
delicate pencil of silky spicules taking the jdace of 
f ho pear-stalk. On closer examination, however, these 
little germs j)roved to belong to different species, 
each showing unmistakeably the charactcnastic forms 
of its sjjecial sj)icules. Most of them were the young 
of Tisiphonia, but among them were several IfoUeukv, 
and one or two Avere at once referred to lli/alonema. 
In two or three hauls in the same locality Ave got 
them in every sul)sequont stage — ^heatitiful little 
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pear-shaped things, a centimetre long, with a single 
osculum at the top, and the whisp like a small 
brush. At this stage the Palythoa is usually absent, 
but when the body of the sponge has attained 16 mm. 
or so in length very generally a little pink tubercle 
may be detected at the point of junction between 
the sponge body and the coil, the germ of the first 
polyp. 

Hyalonema lusitanicnm, Babboza du Bocage, the 
species met with in the British seas and along 
the coast of western Europe, appears to be local, 
hut very abundant at the stations where it occurs. 
I am still in doubt wlicttfer we are to regard it 
as identical with the. Japanese species, H. sieholdi. 
Gray. 

During Mr. Gwyn Jeffreys’ cruise in 1870, two 
specimens of a wonderful sponge belonging also to the 
Ilexactinellidie were dredged in 371 fathoms in rocky 
ground off Cape St. Vincent. The larger of these 
forms a complete base of a very elegant form, nearly 
ninety centimetres in diameter at tlie top and about 
sixty in height (Eig. 07). The sponge came up folded 
together, and had much the appearance of a piece 
of coarse, greyish-coloured blanket. Its minute 
structure is, however, very beautiful. It consists, 
like Jloltenia, of two netted layers, an outer and 
an inner, formed by the symmetrical interlacing of 
the four cross branches of five-rayed spicules ; and. 
as in JloUenia and Rossella, the sarcodo is full of 
extremely minute five and six -rayed spicules, which, 
however, have a thoroughly distinct character of 
their own, witli here and there a very beautiful 
rosette-like spicule, another singular modification of 
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the hex-radiate type characteristic of this group. 
Between the two netted surfaces the sponge sub- 
stance is formed of loose curving meshes of loosely 
aggregated bundles of long simple libres, sparsely 
mixed with spicules of other forms. This sponge 
seems to live fixed to a stone. There are no 
anchoring spicules, and the bottom of the vase, 



Fig. 67.— .4sfconcwia sehilaUnse, Kent. One-ciglith the natural size. (No. 25, 1870.) 


which in our two specimens is a good deal con- 
tracted and has a square shape something like an 
old Irish ‘mother,’ has apparently been torn from 
some attachment. This fine species was named 
Askonema setubalense, and very briefly described 
from a specimen in the Lisbon Museum by Mr. 
Saville Kent, in a paper in which he noticed some 
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of the spont^es dredged from Mr. Marshall Hall’s 
yacht. ^ 

Sponges helonging to other groups from the deep 
water Avere nearly equally interesting. I liave 
already alluded, p. 188, to the handsome branching 
sponges belonging to the Esperiadse, Avhieh abound 
olf the coasts of Scotland and Portugal. Near the 
mouth of the Strait of Gibraltar a number of species 
Avere taken in considerable quantity, belonging to a 
group Avhich Avere at first confused with the Hexac- 
tinellidsc, on account of their frequently forming a 
similar and equally beautiful continuous network of 
silica, so as to assume the same resemblance to deli- 
cate lace, when boiled in nitric acid. The Corallio- 
spongijc dilfer, however, from the Ilexactinellidae in 
one A'ery fundamental character. Mdiilc in the latter 
tlie spicule is hex-radiate, in the former it consists 
of a shaft Avith three dherging rays at one end. 
1'licse frc(piently spread in one plane, and they often 
re-dividc, and frequently the spaces hetAveen. them are 
tilled up Avith a secondary expanse of silica, variously 
IVillcd and netted on the edge, so as to give the spicule 
the a])pearancc of an ornamental llat-lieaded tack. 
'I'licse threc-rayed stars or disks, in combination, sup- 
])ort the outer membrane of s])ongcs of tliis order ; 
and spicules of the same type;, fused together accord- 
ing to various plans, form the sponge skchdon. 

This group of sponges are as yet imjAcrfcctly 
knoAvn. They seem to pass into such forms as 
(icodia and Tethya ; and the typical example Avith 
Avhich Ave are most familiar is the genus Daclylo- 
calyx, represented by the cup-shaped pumice-like 
1 ^roiithly Microscojiic Journal, November 1, 1870. 
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masses which are thrown ashore from time to time 
on the West Indian Islands. 

Professor P. Martin Duncan has already published 
an account of the stony corals (the ]\[adr(^i)oraria) of 
the cruise of the ‘ Porcupine ’ in 18(5!), and he has 
now in liand those procured olf the coast of Portugal 
in 1870, some of which are of even greater interest 
from their close rescmhlaiice to certain cretaceous 
forms. Twelve species of stony corals were dredmal 
in 1869. 

OaryophjlUa horealisy Plemino (Pig. 1-, p. 27), is 
very abundant at moderate deptlis, particularly along 
the west coast of Ireland, where many varieties arc 
found. The greatest depth at whicli this species was 
dredged is, 705 fathoms. It is found fossil in the 
miocene and pliocene beds of Sicily. 

GeratocAjalhm orualns, Skguknza. — O f tliis pretty 
coral only a single specimen was taken in 705 
fathoms, oil the Butt of the Lews. It had not pre- 
viously been known as a recent sj)ecies, and was 
described by Seguenza from the 8icilian miocene 
tertiaries. FlabcUum lacmUtlmn, Pj)\v.\iu)S and 
Haimb, was frequent in water tVom 100 to 100 
fathoms, from Pieroc to Ca])e Ch'ar. Prom the 
extreme thinness of the outer cru.st, this coral is 
excessively brittle ; and Jilthough many hundreds 
came up in the dredge, scarcely half-a-dozen examples 
were entire. Another fine species of the same genus, 
Flabellmn diHtinclimi (Pig. 08), was dredged on 
several occasions olf the Portuguese coast in 1870. 
The special interest attaching to this species, is 
that it appears to be identical with a form living in 
the seas of Japan. 
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Lophohelia proUfem, Pallas (Ei^. 30, p. 109). 
— Many varieties ; abundant at depths from 150 
to 600 fatlioms all along the west coasts of Scot- 
land and Ireland, at temperatures varying from 
0"' to 10° C. In some places, — as, for example, at 
Station 51<, between Scotland andEaeroc, and Station 
15, between the west coast of Ireland and the 
Porcupine Bank, — there seem to be regular banks 
of it, the dredge coming up loaded with fragments, 
living and dead. 

Eive allied species of the genu^ Amphihella oc- 
curred more sparingly. 



Fig. GS.~FlaheUinih dlstiMtnm. Twioe tin* n itiiral size. {No. 28, 1870 ) 

Allopom oculina, Eiirbnbekg, a very beatitiful 
form, of which a few specimens were procured in the 
‘ cold area,’ at depths a little over 300 fathoms. 

. Thecopsmnmia socialis, Potjrtales (Eig. 09), a form 
closely allied to Balanophyllia, and resembling some 
crag species. It had been previously dredged by 
Count Pourtalcs in the Gulf of Florida. Theco- 
psammia is tolerably common in deep water in the 
‘ cold area,’ growing in patches, five or six examples 
sometimes coming up on one stone. 
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I have already adverted to the danger we run in 
estimating the relative pro])ortions in which any 
special groups may enter into the sum of the abyssal 
fauna, by tlio proportion in whicli they are recovered 
by any single method of capture. From their con- 
siderable size, the length and rigidity of their strag- 
gling rays, and their liabit of clinging to lixed ob- 
jects, the Echinodermata are not very readily taken 



kb i Jirrnp^iotiiiiiAo PoTJiiTAT.KS. Once aiid a half til ‘ iiahiral si/c. (Xo. ">7, ISiil) 


by the dredge, but they fall an easy prey to the 
‘ hempen tangles.’ It is possible that this circum- 
stance may to a certain extent exaggerate their 
apparent abundance at great depths ; but we have 
direct evidence in tbc actual numbers which arc 
brought up, that in some jilaces they must be won- 

r i' 
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tlorfiilly numerous ; and we frequently dredge sj)onges 
and eernls actually covewed with them in the atti- 
tudes in which they lived, nestling among their fibres 
and in the angles of tlieir branches. I have counted 
seventy-three examples of Amphiiwa abyssicola, small 
and large, sticking to one lloUenia. 

J?oth on account of their beauty and extreme 
rarity, and of the important part they have l)orne 
in the fauna of some of the past periods of the 
(iarth’s history, the first order of the. Echinoderras, 
the Crinoidea, has always had a special interest to 
naturalists; and, on the watch as we were for miss- 
ing links which might connect the present with the 
2)ast, we eagerly Aveleonuid any indication of their 
presence. Crinoids Avere very abundant in the seas 
of tlic Silurian period; deep hods of carboniferous 
limestone an^ often formed by tlie accumulation of 
little else than tlieir skeletons, tlie stem joints and 
cups cemented together by limy sediment; and 
dozens of the perfect crowns of the elegant lily- 
encrinite are often scattered over the surface of 
slabs of the muschclkalk. lint during the lapse of 
a2:es the whole order seems to have been worsted 
in the ‘ strirnfflc for life.’ Thev become scarce in tlie 

cj o , e/ 

newer mezozoic beds, still scarcer in the tertiaries, 
and up to Avithin the last feAV years only two 
living stalked crinoids Averc known in the si;as 
of the present period, and these appeared to be 
confined to deep Avater in the seas of tlie Antilles, 
Avhcnce fishermen, from time to time bring up muti- 
lated specimens on their lines. Their existence has 
been known for more than a century ; but although 
many eyes have been Avatehing for them, until very 
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lately not more than twenty specimens had reached 
liurope, and of tlicse only two showed all tlie joints 
and plates of the skeleton, and the soft parts were 
lost in all. 

Tliese two species belong to the genus Fentoo'invs, 
Avliich is well represented in the beds of the lias and 
oolite, and sparingly in the white chalk ; and are 
named respectively Peufacriiiits asleria, L,, and P. 
iniUleri, OniiSTED. Eig. 70 represents the first of these. 
This species has been known in Europe since the year 
1755, when a specimen was brought to Paris from 
the island of Martiniipie, and described by CJuetiard 
in the Memoirs of the Royal Academy of Sciences. 
Eor the next hundred years an example turni'd nii 
now and then from the Antilles. Ellis described 
one, now in the llunterhui Museum in (ilasgow 
University, in the Philosophical Transactions for 
1701. One or two found their way into the museums 
of Copenhagen, Eristol, and Paris ; two into the 
Rritisli Museum; and one fortunately hdl into the 
hands of the late Professor dohannes INI idler of 
Berlin, who published an elaborate account of it in 
the Transactions of the Royal Berlin Acadiany for 
1843. Within the last few years, Mr. Damon of 
Weymouth, a well-known collector of natural history 
objects, has procured several very good speeiuums, 
which are now lodged in the museums of ^loscow, 
Mdbournc, Liverpool, and London. 

J?ent(icrmm asterla may be taken as a type of 
its order; I will therefore de.sciibe it brietly. I'he 
animal consists of two well-marked portions, a stem 
and a head. The stem, which is often from 40 to 

GO c('ntinietres in length, consists of a series of 
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flattened calcareous joints; it may he si\ap[)ed over 
at the point of junction bet\vc(‘n any two of tlu'sc 
joints, and by slipping the i)oint of a pcnknile into 
tlic next suture a single joint may be removed entire. 
Tlie joint lias a hole in the centre, throiigli wliieb 
one might pass a fine needle. Tliis hole forms jiart 
of a canal filled during life with a gelatinous nutri- 
ent matter which runs through the whole length of 
the stem, branches in a comjilieated way llirougli 
the plates of tlio cup, and finally passes llirangli 
the axis of each of the joints of the arms, iiiul of 
the ultimate pinnules which fringe tiu'ni. On the 
upper and lower surfaces of the stem-joint there 
is a very graceful and characteristic llgun! of fiv(‘ 
radiating oval leaf-like sjiaces, each space sui-rounded 
hy a border of minute alterimte ridges and groovijs. 
The ridges of the upper surface of a joint lit into 
the grooves of the lower surface of the joint above 
it ; so that, though from being madt' np of many 
joints the stem admits of a e(‘rtain ainonid of 
motion, that motion is very limited. 

As the border of each star-like figure exactly 
fits the border of the star above and below, tlu' live 
leaflets within the border are likewise placed directly 
one above the other. Within these leathds tin; 
limy matter which makes up the great bulk of the 
joint is more loosely arranged than it is outside, and 
live oval bands of strong fibres pass in tbe inti-r- 
spaccs right through the joints, from joint to joint, 
from one end of the stem to the other. These 
fibrous bands give the column great strength. It 
is by no means easily broken even when dead and 
dry. They also, by their elasticity, admit a certain 
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amount of passive motion. Tlicre are no muscles 
Ixjtvvccn the joints of the stem, so that the animal 
docs not appear to be able to move its stalk at will. 
It is probably only gently waved by the tides and 
currents, and by the movements of its own arms. 

In Pentmrinus asteria about every seventeentb 
joint of the lower mature part of the stem is a little 
deeper or thicker than the others, and bears a whorl 
of live long tendrils or cirri. The stem is, even 
near the base, slightly pentagonal in section, and 
it becomes more markedly so towards the bead. 
The cirri start from shallow grooves between the 
projecting angles of the pentagon, so that they are 
rang(ul in live straight rows up and down the stem. 
The cirri arc made up of about thirty-six to tbirty- 
sov('n short joints ; they start straight out from the 
stem rigid and stiif, but at the end they usually 
curve downwards, and the last joint is sharp and 
clawlike. These tendrils have no true muscles ; 
lb(;y have, however, some power of contracting round 
resisting objects which they touch, and there are 
often star-tishes and other sea-animals entangled 
among them. The specimen figured has thus be- 
come tiie temporary abode of a very elegant species 
of Aslcroporpa. 

Kear the head the cirri become shorter and 
smaller, and their whorls closer. The reason of 
this is that the stem grows immediately below the 
luvul, and the cirrus-bearing joints arc formed in 
this position, the intermediate joints being produced 
afterwards below and above each cirrated joint, — 
which they gradually separate from the one on cither 
side of it, till the number of seventeen or eighteen 
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intcrmcduito joints is eoinplotc. At the top of the 
stem lh"e little cnlcareous lumps like buttons stand 
out from the projecting? ridi?es, and upon these and 
upon the upi)er part of the st(;m tiui eup whieh 
holds the viscera of the animal is placed. These 
Inittons are of hut little moment in this form, hut 
tlu^y represent joints Avhich are often devedoped into 
larj?c, highly-ornamented plates in llu; various tribes 
of its fossil ancestors. They are called the ‘basal’ 
])latcs of the eup. Ne.vt, in an upper tier, alternaling 
with the last, rve have a row of live olilong plalc's 
opposite the grooves of the stem, and all tauniuited 
into a ring. These platc's are separate wlnui tlui 
animal is yonng; they are calk'd the ‘first radial’ 
plates. They arc the first of long chains of joints 
which are continued to the ends of the arms. Imme- 
diately ahovo these plates, and resting uj)on tliem, 
then; is a second row of plah's nearly of the same 
size and shapi', only they remain separate from one 
another, nev(;r uniting into a ring. Thesi; are tin; 
‘second radials,’ and immediately upon these rest 
a third .series of live, very like the plates of the 
other two rows, only their upp(;r surfaces rise into 
a cross ridge in the centre, and they have tin' 
two sides hevelled olf like the eaves of a gahle, to 
admit of two joints being seated upon each of them 
insh'ad of one. This last ring of joints are the 
‘ radial axillaries,’ and above these we have the iir.st 
bifurcation of the arms. These thri'o I'ings of 
radial joints form the true cup. In the modern 
species they are very small, hut in many fossils 
they acquire a large size, and enclosi;, frequently 
with the aid of various rows of intermediate or 
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intcr-raclial plates and a row of basals, a large body- 
cavity. The two upper joints of each ray are 
separated from those of the ray next it by a pro- 
longation downwards of the plated skin which covers 
the upper surface or ‘disk’ of the body. Seated 
upon the bevelled sides of each radial-axillary joint, 
there is a series of five joints, the last of the five 
bevelled again like the radial axillaries for the inser- 
tion of two joints. These five joints form the first 
series of ‘ hrachials,’ and from the base of this series 
the arms become free. 

The first of the brachial joints, that is to say, 
the joint immediately above the radial axillary, is, 
as it were, split in two by a peculiar kind of joint, 
called, by Muller, a ‘ syzygy.’ All the ordinary joints 
of the arms are provided with muscles producing 
various motions, and binding the joints firmly 
together. The syzygies are not so provided, and 
the arms are consequently easily snapped across 
where these occur. This is a beautiful provision for 
the safety of an animal which has so wide and 
complicated a crowm of appendages. If one of the 
arms get entangled, or fall into the jaws or claws of 
an enemy, by a jerk the star-fish can at once get rid 
of the embarrassed arm ; and as all this group have 
a wonderful power of reproducing lost parts, the arm 
is soon restored. 

When the animal is dying, it generally breaks off 
its arms at these syzygies; so that almost all the 
specimens which have been brought to Europe have 
arrived with the arms separate from the body. 

About six arm -joints or so above the first on 
cither branch there is a second brachial accessory and 
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another l)ifurcation, and seven or eight joints fartlier 
on another, and so on, hut moi’c irregularly the 
farther from the ecntre, till each of the five primary 
rays has divided into from twenty to thirty ultimate 
branches, producing a rich crown of more than a 
hundred arms. The upper surface of each arm-joint 
is deeply grooved, tlic lower arched ; and from one 
side of each, alternately on either side of the arm, 
there springs a scries of flattened ossicles. These 
form the ultimate hranchlets, or ‘ pinnules,’ which 
fringe the arms as the harhs fringe the shaft of a 
feather. Unfortunately, most of the examples of 
JPentHcrinus anteria hitherto procured have had the 
soft parts destroyed and the disk more or less injured. 
One specimen, Imwever, in my possession is quite 
])erfcct. The body is covered above by a membrane 
closely tcssclatcd with irregularly-formed flat plates ; 
this membrane, after covering the disk, dips into 
the spaces between the series of radial joints, and 
with the joints of the cup completes tlie body- wall. 
The mouth is a roiinded op(ming of considerable size 
in the centre of the disk, and opens into a stomach 
passing into a short curved intestine which ends in 
a long excretory tube, — the so-called ‘ proboscis ’ of 
the fossil crinoids, — which rises from the surface 
of the disk near tlic mouth. Prom the mouth five 
deep grooves, bordered on cither side by small square 
plates, run out to the edge of the disk, and are con- 
tinuous with the grooves on the upper surface of the 
arms and pinnules, while in the angles between them 
five thickened masses of the mailing of the disk 
surround the mouth like valves. These were at 
first supposed to answer the purpose of teeth. The 
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crinoids, however, are not predatory animals. Their 
nutrition is cflected in a very gentle manner. The 
grooves of the pinnules and arms are richly ciliated. 
Tlie crinoid expands its arms like the petals of a full- 
hlowii flower, and a current of sea-water hearing 
organic matter in solution and suspension is carried 
by the cilia along tlie brachial and radial grooves 
to the mouth. In the stomach and intestine the 
water is exhausted of assimilable matter, and the 
length and direction of the excretory proboscis pre- 
vent the exhausted water from returning at once into 
the ciliated passages. 

Tlie other West Indian Pentacriims — P. miilleri — 
seems to bo more common off the Danish Islands 
than P. asteria. The animal is more delicate in 
form. The stem attains nearly the same height, 
but is more slender. The rings of cirri occur about 
every twelfth joint, and at each whorl two stem- 
joints are modified. The upper joint liears the facet 
for the insertion of the cirrus, and the second is 
grooved to receive its thick basal portion, which 
bends downwards for a little way closely adjiressed 
to the stem, before coming free. The syzygy is 
between the two modified joints, and in all the com- 
])lete specimens which I have seen the stem is broken 
through at one of these stem syzygies, and the ter- 
minal stem-joint is worn and absorbed, shoiving 
that the animal must have been for long free from 
any attachment to the ground. 

bn the 21st of July, 1870, Mr. Gwyn Jeffreys, 
dredging fiom the ‘Porcupine’ at a depth of 1,095 
fathoms, lat. 39° -12' N., long. 9° 13' W., with a 
bottom temperature of l°-3 0. and a bottom of soft 
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mud, took about twenty specimens of a handsome 
Pentacrimis involved in the ‘ hempen tangles ; ’ and 
this splendid addition to the fauna of the European 
seas my friend has done me the honour to associate 
with my name. 

Pentaermus loijmlle-tJiomsoni, Jettueys (Eig. 71), 
is intermediate in some of its characters between P. 
(isteria and P. mulleri ; it approaches the latter species, 
however, the more nearly. In a mature specimen the 
stem is about 120 mm. in length, and consists of five 
or six internodcs. The whorls of cirri towards the 
lower part of the stem are 40 mm. apart, and tlic in- 
ternodes contain from thirty to thirty-five joints. 
Tlie cirri are rather short and stand straight out from 
tlie nodal joint, or curve shortly downwards, as in 
P. astcria. The nodal joint is single, and the syzygy 
separates it from the joint immediately beneath it, 
which does not differ materially from the ordinary 
intcrnodal stem-joint. All the stems of mature 
examples of this species end uniformly in a nodal 
joint, surrounded with its whorl of cirri, which curve 
downwards into a kind of grappling root. The lower 
surface of the terminal joint is in all smoothed and 
rounded, evidently by absorption, showing that the 
animal had for long been free. This character I 
have remarked as occurring in some specimens of 
P. mulleri 1 have no doubt that it is constant in 
the present species, and that the animal lives loosely 
rooted in the soft mud, and can change its place at 
pleasure by swimming with its pinnated arms ; that 
it is in fact intermediate in this respect between 
tlie free genus Antedon and the permanently fixed 
crinoids. 
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A young specimen of P. tPi/ville-lJmnsoni gives the 
mode in Avhicli tins freedom is acquired. The total 
lengtli of this specimen is 95 mm., of which the head 
occupies 35 mm. The stem is broken off in the 
middle of the eighth internodc from the head. The 
lowest complete internode consists of I t joints, the 
next of 18, the next of 20, and the next of 20 joints. 
There are 8 joints in the cirri of the lowest whorl, 
10 in those of the second, 1 2 in those of the third, 
and 14 in those of the fourth. This is the reverse of 
the condition in adult specimens, in all of which the 
numbers of joints in the internodes, and of joints 
in the cirri, decrease regularly from below upAvards. 
The broken internodc in the young example, and 
the three internodes above it, arc atrophied and un- 
developed, and suddenly at the third node from the 
head the stem increases in thickness, and looks as 
if it Avere fully nourished. There can he no doubt 
that in early life the erinoid is attached, and that it 
becomes disengaged by the Avithering of the lower 
part of the stem. 

The structure of the cup is the same as in P. 
(isteria and P. mnlleri. The hasals appear in the 
form of shield-like projections eroAvning the salient 
angles of the stem. Alternating with these Ave have 
wcll-dcvclopcd first radials, forming a closed ring 
and articulating to free second radials by muscular 
joints. The second radials are united by a syzygy 
to the radial axillaries, which as usual give olf each 
tAvo first hrachials from their bevelled sides. A 
second brachial is united by syzygy to the first, 
and normally this second brachial is an axillary, 
and gives off tAVO simple arms; sometimes, however. 
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IIk' radial axillary ()rigiuat(\s a sun|)l(' arm only from 
ono or bolli of ils sidos, thus roducini'' tin; total 
niimln'rof the arms; and somotimos one of tho four 
arms “ivon olf from tho brachial axillarics ayaiii 
divides, ill whicli case the total uumber of arms is 
increased. The structure of the disk is much the 
same as in the species of the genus previously known. 

Two other fixed crinoids were dredged from the 
‘ Porcupine,’ and these must be referred to the Apio- 
erinidie, wbieh ditfm* from all otlier sections of the 
ordi'r in tho structure of the upper part of the stem. 
At a ei'rtain point, considerably below the crown of 
arms, tiu' joints of tho stem widen by the greater 
dmelopment of the calcareous ring, tho central 
tube only increasing very slightly in width. The 
widening of the stem-joints increases U])wards until 
a pear-shaped body is produced, usually vi'ry (degant 
in form, which, looking from the outside, one would 
take for the caly.x. It is, however, nothing more 
than a .symmetrical thickening of tho stem, and the 
body-cavity occupies a shallow di'pression in the top 
of it included within the plates of the cup — tlu; 
basals and radials — Avhiidi are tbicki'r and more 
solid than in other crinoids, but otherwise normally 
arranged. The stem is usually long and simple 
until near the base, where it ibrms some means of 
attachimmt, either as in the celebrated pear-euerinites 
of th(^ forest marble, a eomplicatiHl arrangement of 
concentric layers of ealcareou.s cement wbieh tix it 
lirmly to some foreign body, or, as in the ehalk 
Jiomyiietlicrunis and in the recent Jtinzocriiim, an 
irregular series of jointed branching cirri. 

The Apiocrinidm attained their maximum during 
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the Jurassic ]ierio(l, when they wore roprcsontcd by 
many tine s[)ecics of the jpciK'ra ApioevUtuH and 
AlUIencrliius. The elialk *?eini.s BoiinjiK’Uicniiiis 
slioAVS imuiy symptoms of dojponeracy. The lu'ad 
is sinall, and the arms are small and sliort. The 
arm-joints are so minute that it is scarcvly jiossihle 
to make up a sc'ries from the frat>'nuMits scattered 
tlirou<;h the chalk in the neig;h))ourhood of a cluster 
of lieads. The stem, on the other hand, is dispro- 
portionately lari^-eand loni^, and one is h'd to suspect 
that the animal was nourished chiclly by the ^(MU'ral 
surface absorjition of organic matter, and that the. 
head and special assimilative organs Avere ])riucipally 
concerned in the function of ri'prodiiction. JUiizo- 
ei'tiniH Iql/hleitiifi, AL. Saiis (Fig. 72), Avas discovcird 
in the year IStit, at a dejdli of about 300 fathoms, 
off the Lolfoten islands, by Ci. 0. Sars, a son of the 
celebrated Professor of Tsatural History in the Uni- 
versity of Christiania, by Avhom it Avas di'scribi'd in 
tbc year 1808. It is obviously a form of the Apio- 
crinidm still more dcgradi'd than lAninjiirflicriiiKs, 
which it closely resembles. The .stem is long and 
of considerable thickness in ])ro])ortion to the size 
of the head. The joints of the stem are individually 
long and dice-box shaped, and between tbc joints 
spaces are left on either side of the stem alternatdy, 
as in JioKrfiuellicriinis and in the pinitacrinoid of 
Anlcdou, for the insertion of fascicles of contractile 
libres. ToAvards the base of tbc stem branelu's 
sjiring from the uppeu’ part of the joints; and these, 
each composed of a succcs.sion of gradually diminish- 
ing joints, divide and rc-divide into a bunch of 
libres, wbicb frequently expand at the ends into thin 
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calcareous lamiujjc, clinging to small pieces of shell, 
grains of sand — anything which may improve the 
anchorage of the crinoid in the soft mud which is 
nearly universal at great depths. 

In Rhisoorinns the basal series of plates of the 
cup are not distinguish able. They arc masked in 

a closed ring at the top of the stem ; and whether 
the ring be composed of the fused hasals alone, or 
of an upper stem-joint with the hasals within it 
foi-ming a ‘ rosette,’ as in the calyx of Anledon, is 
a question which can only be solved by a careful 
tracing of suce(‘ssiv(; stages of development. Tin;, 
first radials are likewise fused, and form the upper 
wider portion of the funnel-shaped calyx. The first 
radials are deeply excavated above for the insertion 
of the muscles and ligaments which xinite them to 
the second radials by a true (or moveable) joint. 
One of the most remarkable points in connection 
with this species is, that the first radials — the first 
joints of the arm — are variable in number, soim; 
examples having four rays, some five, some six, and 
a very small nuinher sevcm, in the following pro 
[jortious. Out of seventy-five specimens exaniin<Ml 
by Sars, there were — 

1 5 with A arms. 


This variability in so important a character, par- 
ticularly when associated with so great a prepon- 
derance in bulk of the vegetative over the more 
specially animal parts of the organism, must un- 
doubtedly be accepted as indicating a deterioration 
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from the symmetry and compactness of the Apio- 
crinidtc of the J urassic period. 

The anchylosed ring of first radials is succeeded hy 
a tier of free second radials, wlncli are united hy a 
straight syzygial suture to tlie next scries — the radial 
axillaries. The surface of the funnel-shaped dilatation 
of the stem, headed hy the ring of first radials, is 
smooth and uniform, and the second radials and 
radial axillaries present a smooth, regularly-arched 
outer surface. The radial axillaries differ from the 
corresponding joints in most other known crinoids 
in contracting slightly above, presenting only one 
articulating facet, and giving origin to a single arm. 
Tlie arms, which in the larger s])cciniens are from 10 
to 12 mm. in length, consist of a scries of from about 
twenty-eight to thirty-four joints, nnilbrmly trans- 
versely arched externally, and deejdy grooved within 
to receive the soft parts. Each alternate joint hears 
a piiinuh', tlie pinnules alternating on either side of 
the axis of the arm, and the joint which does not 
hear a pinnule is united to the pinnule-hearing joint 
above it hy a syzygy : thus joints with muscular 
connections and syzygies alternate throughout the 
whole length of the arm. 

The pinnules, twelve to fourteen in number, con- 
sist of a uniform series of minute joints, united hy 
muscular connections. The grooves of the arms and 
of the pinnules are bordered hy a double scries of 
delicate round fenestrated calcar(;ous jilates, which, 
when the animal is contracted and at rest, form a 
closely imbricated covering to the nerve, and the 
radial vessel with its delicate caical tentacles. T'he 
mouth is placed in the centre of the disk, and radial 

G G 
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canals, equal in number to the number of arms, pass 
across the disk, and arc continuous with the arm- 
grooves. The mouth is surrounded by a roAV of 
llexiblc cirri, arranged nearly as in the pentacrinoid 
of Aniedon, and is provided with five oval calcareous 
valve-like plates, occupying the interradial angles, 
and closing over tins mouth at will. A low papilla 
in one of the interradial spaces indicates the position 
of the minute excretory orifice. 

Ithizocrinus loffotensis is a very interesting addition 
to the Ihitish fauna. We met with it in the Fueroe 
CHiannel in the year 18()9— three examples, greatly 
mutilated, at a depth of 530 fathoms, ivith a bottom 
temperature of O"'!- C., Station 12 (18G8). Several 
occurred attached to the beards of the lloltenue, off 
the Butt of the Lews, and .specimens of considerable 
size Avere dredged in 802 fathoms olf Cape Clear. 
The range of this species is evidently very Avide. It 
has been dredged by G. 0. Sars otf the north of 
Norway; by Count Fourtales in the Gulf-stream off 
the coast of Florida ; by the Naturalists on board 
the ‘Josephine,’ on the ‘Josephine Bank,’ near the 
entrance of the Strait of Gibraltar ; and by ourselves 
betAveen Shetland and Fseroej and otf Ushant and 
Cape Clear, 

Tlie genus IkUhycriuns must also be referred to the 
Apiocriuidie, since the lower portion of the head con- 
sists of a gradually expanding funnel-shaped piece, 
Avhich seems to be composed of coalesced upper stem- 
joints. 

The stem of Bulhycrinm ^r«ci^/s(Fig. 73) is long and 
delicate ; in one example of a stem alone, Avhich came 
up in the same haul Avith the one nearly perfect sped- 
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mon Avliidi was |)r()CHr('d, it was 1)0 iitin. in 
Tli(! joints an' dice l)()x slia])('d, as in lihizocy'nutfi, 
long and delicate towards the lower part of the stem, 
JIO mm. in l<'nglli hv O-o in Avidlli in the centn; 
of llie joint, tin' mids ('.\|)anding to a width of 
I'O mm. As in JlhrMcrhnis, tlu' joints of the stem 
diminish in lengtli towards tin; lu'ad, and additions 
are made in tin' form of calcareous lamime heneath 
th(' coal('sc('d joints which form the has(' of the Clip. 

The first radials arc live in nnmher. They an; 
closely a])])os('d, hut tlii'y do not sei'in to he fused 
as in since' the sutures show quiti; dis- 

tinctly. Th(' ei'iitri' of each of these first radials rise's 
iute) a sharp ke'e'l, while thi' siili's arc slightly de- 
jiresscd ton arils the suture, nhieh gives the calyx a 
lluti'd a])])e'arance', like a foldi'd tilte'r-paper. 'flic 
se'i'ond i-aelials are' long, and fri'C from one anotlu'r. 
joining the radial axillaries hy a straight syzygial 
union. 'I'hi'y are' nieist ]»ecnliar in form. A stremg 
lilatc-like kei'l runs deiwn the centre of the; outer 
surfaces, and the joint is dci'jily e'xcavati'd on eithe-r 
side*, rising again slightly towards the edge's. The; 
radial axillary shows a continuation of the same ke'e'l 
through its lowi'r luilf, and niidnay n]) the jeiiiit the' 
ki'e'l bifurcates, h'aving a very I'liaracteristic diamond- 
shaped sjiace in the ci'iitre, towards the top of the 
joint ; two fai'i'ts are; thus formi'd for the insi'rtion of 
two first raelials ; the; numher of aians is thi'rclore' 
ten. The arms are' perteetly simple', anel in our single; 
spi;cimen consist of twelve joints e'ach. There is no 
trace of pinnule;s, anel the arms resemhle; in e;haractcr 
the pinnules of Rltr.uci'iuus. 'J’he first hrae'hial is 
united to the second hy a syzygial jeiint, hut after 
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that the syzygies are not repeated, so that there is 
only one of these peculiar junctions in each arm. 
The arm-grooves arc bordered hy circular fenes- 
trated pl^^s, as in Rhkocrimis. 

Certain mai’ked resemblances in the structure of 
the stem, in the structure of the base of the cup, 
and in the form and arrangement of the ultimate 
parts of the arms, evidently associate Bathycrhms 
with Bhizocrinm, hut the dilfcrences arc very wide. 
Pive free keeled and sculptui’cd first radials replace 
the uniform smooth ring formed hy these plates 
in Rkizocrinns. The radial axillaries give off each 
two arms, thus recurring to the more usual arrange- 
ment in the order, and the alternate syzygies on 
the arms, which form so remarkable a Character in 
Rhkocrinus, are absent. 

Only one nearly complete specimen and a de- 
tached stem of this very remarkable species v^ere 
met with, and they were both brought up from the 
very greatest depth which has as yet been readied 
with the dredge, 2,435 fathoms, at the ‘ mouth of 
the Bay of Biscay, 200 miles south of Cape Clear. 

It would seem, in our present state of knowledge, 
that the stalked crinoids are members of the deep- 
sea fauna. A second specimens^ another very 
remarkable form, IIolopus mw^^t)’OEBiGNY, has 
lately been procured from deep watCr off Barbadoes, 
and that species, with those already noted, makes 
up the tale of living forms belonging to the order 
which are known at the present time. It is unwise 
to prophesy; but v’^hen we consider that the first 
few scrapes of the dredge at great depths have 
added two remarkable new species to the living 
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representatives of this group, until now supposed 

to be on the verge of extinction, and that all the 

known species are from depths beyond the limit 

of ordinary dredging, we are led to ant|ipi]iate that 

erinoids may proha))ly form rather an chnportaiit 

(dement in the abvssal fauna. 

% 



The general distribution of the deep-sea Asteridea 
has already been referred to. Perhaps the most 
obvious peculiarity which they present is the great 
prepond(U’ance of tlie genera Aslrogonium, Arcliasler, 
Astropecten, anti their allies. Genera belonging 
to other groups do not apparently become less 
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numerous, for species of Astemoanlhion, CnOrella, 
Asteriscus, and OphkUadcr are as abundant as they 
are at lesser depths ; hut as we go down now species 
with tessclated mailing on the disk and massive 
marginah plates seem to be perpetually added. In 
our own seas some few very characteristic forms, 
such as Astroyoniimi phriji/ianum and Ar chaster 
andromeda and parellii, are on the verge of the deep 
Avater, and are now and then taken at the outer 
limit of shore dredging or on fishing-lines ; while in 
the dee[) water all along the north and west of Scot- 
land xistrogoiiani gramkire. Archaster temispinus, 
and Astropecten arctiens abound, and the dredge is 
enriched from time to time with examples of such 
forms as Archaster hifrons (Pig. 74), A. vexillifer, and 
Astrogonium loiiginianum, Mobius. Many additions 
have been made to tlic singular little group of wliich 
Ftemster may be taken as a type, but 1 am inclined 

to think that these are to 
be referred along with most 
of the characteristic Ophiti- 
ridans rather to a fauna in- 
habiting median depths, and 
coming within range of the 
naturalist’s dredge on the 
coast of Scandinavia, than 
to the abyssal fauna; and 

Fig. 75.—Solaster furcifer, Vox Ditrkn . • i 

andKouKN. Oral aspect. Natural si/e. tlie SaiTie maV UG SaiCl 01 a 
;No.65,18(i9.) f / 1 

few other forms, - such as 
Solaster fnreifer (Pig. 75), and Pedicellaster ty pious 
which, although beyond the 200-fathom line on the 
coast of Britain, do not appear to have a great 
range of depth. 
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'iVenty-six Eclunidoans were observed diirin" the 
‘ Lii>-htiiin<j’ and ‘Forcupine’ cruises off the coasts 
of Eritain and Portugal at depths ranging from 100 
to 2,135 fathoms, at which latter depth the group 
was represented by a small variety of Echinus nor- 
vegiem, and a young example of lirissopsis lyrifera. 

Among tbc Cidarid:e, Gidaris 2Utpillata, Leske, 
occurs in enormous numbers over hard ground, at 
dt'pths from 100 to dOO fathoms. This species has 
a very wide range, inhabiting an apparently nii- 
brokcii belt from the North Cape to the Strait of 
(iibraltar, and tlnm passing into the Mediterranean. 
This is a variable form, within narrow limits of 
variation. The southern specimens gradually pass 
into the Ibrm, — it can scarcely be called a variety, — 
wliich is the type of Lamarck’s species, 0. hystrix. 
Gidaris affinis, PiiEEiPvr, is very common in the 
IMediterraiiean, especially along the African coast. 
I think this pretty little form must for the 
present be considered distinct. ’I'he body spines 
are bright scarlet, and the long spines, in marked 
specimens, arc brown, banded with red or rose, so 
that it is a singularly pretty object. 

The genus Forocidaris and the three species of the 
family Echinothuridtc, and their interesting relations 
to fossil forms, have already been considered ; but 
even these arc scarcely more suggestive of early 
times than two genera of irregular urchins, one 
dredged off the coast of Scotland, and the other at 
the mouth of the English Channel. 

The first of these is Pourtalesia, one species of 
which, P. jeffreysi, has already been figured and 
described (p. 108). According to the classification of 
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Desor, which makes the disjunct arrangement of the 
amhulacra at the apex the test character of tlie 
Dysastcridoo, this genus should he referred to that 
group, for the apical disk is truly decomposed as in 
J)i/sasler and Collyntes, and not merely drawn out 
as in Ananchytes. From the arrangement and form 
of the pore areas, however, and the general appear- 
ance and habit of the animal, T am inclined to think 
with Alexander Agassiz, that its affiniti(.‘s are mor(> 
with such forms as Infulaster. Vom'tulnua must he 
aberrant in whatever group it may he placed. 

The other genus Neolcuiipas, A. Ac., associates itself 
Avith the Cassidulidije in virtue of the nearly central 
pentagonal mouth with a tolerably distinct flocclle, 
the anal opening at the bottom of a deej) posti'rior 
groove excavated in a projecting rostellum, the nar- 
row amhulacral areas, and tlui small compact group 
of apical plates ; hut it dillers from all knoAvn genera 
of the family, living or extinct, in having no trace of 
a petaloid arrangement of the amhulacra, which arc 
reduced on the apical surface of the test to a single 
pore passing through each amhulacral plate, and 
thus forming a double row of alternating simple; 
pores for each amhulacral area. I think I am right 
in identifying a single specimen, nearly 20 mm. in 
length, which we dredged in 800 fathoms Avater at 
the mouth of the Channel, Avith the species dredged 
by Count Pourtales at depths from 100 to 150 
fathoms, in the Strait of Plorida, and described by 
Alexander Agassiz under the name of Neolampas 
rostellatm. 

Of the tAA'^enty-six Echinodorrns dredged from the 
‘ Porcupine,’ six — Echinus Jlemingii, Echinus esculcn- 
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tiis, Psammechinus mlliark, JEchmoctjaimis angulalns, 
Aniphidetus corclatus, and Hputangns purpureus — ma^ 
be regarded as denizens of moderate depths in tlie 
‘ Celtie province,’ recent observations having inercdy 
shown that tliey have a somcAvhat greater range in 
depth than Avas previously supposed. Probably Spa- 
tamgus raschi may bo an essentially deep-water form 
having its head-quarters in the same region. Seven 
species — Cklaris papillata. Echinus elegans, E. nor- 
vegicus, K runspina, K microstoma, Brissopsis tyri- 
ferci, and Tripylns fragilis^oxQ members of a fauna 
of intermediate depth ; and all, with the doubtful ex- 
ample of Echinus microstoma, have been observed in 
comparatively shallow water off the coasts of Scan- 
dinavia. Five species — Cidaris affinis, Echinus melo, 
Toxopneustes bremspinosus, Psammechinus micro- 
inbcrculatus, and Schizaster canaliferus — are recog- 
nized members of the Lusitanian and Mediterranean 
faunae ; and seven — Porocidaris purpurata, Phor- 
mosoma placenta, Qaloeria. hystrix, C. fencstrata, 
Neolampas rostellatus, Pourtalesia jeffreysi, and P. 
phiale — are forms which have been for the first time 
brought to light during the late deep-sea dredging 
operations, Avhether on this or on the other side of 
tlie Atlantic. There seems little doubt that these 
must be referred to tlie abyssal fauna, upon ivhose 
confines ive are now only beginning to encroach. 
Three of the most remarkable generic forms — Cal- 
veria, Neolampas, and Pourtalesia — have been found 
by Alexander Agassiz among the results of the deep 
dredging operations of Count Pourtales in the Strait 
of Florida, showing a wide lati'ral distribution, while 
even a deeper interest attaches to the fact that 
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while one family type, the E-;hmothurid(e, has been 
hitherto only known in a fossil state, the oiitire 
group find iiearer allies in the extinct fauiiso of the 
chalk or of the earlier tertiaries than in that of 
the present period. 

As I have already said, the mollusca proemn'd 
during the three years’ dredging are in the hands 
of Mr. Gwyn Jelfroys for identification and d(!scri])- 
tion. Eroin the large number of new species, and 
from the complicated relathms which many of the 
forms from deep water hear to species now widely 
separated from tliern in s|)ace, or belonging to past 
geological periods, the task will be a difiicult one, 
and we cannot expect its eompletioii for some tiim! 
to come. In the meanwhile, Mr. Gwyn Jelfreys 
has published several preliminary sketches Avhich 
are full of promise that his complete results will 
be of the highest interest. 

Mr. Gwyu Jelfreys believes that the de(5p-Avater 
mollusca which were dredged throughout the whole of 
the area examined from the Pi'eroe Islands to the coast 
of Spain, are almost all of nortliern origin. Most of 
the spo(!ies Avhieh have been already described AA^ere 
pi’cviously known from the Scandinavian seas, and 
many of the undescribed species belong to northern 
genera. lie points out that the molluscan fauna 
of the Arctic Sea is as yet almost unknown ; but he 
reasons from the large collections made at Spitz- 
bergen by Professor Torcll, and from the fact that 
fragments of mollusca have been brought up in 
many deep-sea soundings within the Arctic circle, 
that the fauna is probably varied and rich. He 
instances soundings taken in 1808 by the SAvedish 
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Arctic expedition, which reached 2,000 fathoms, 
when a Cnimt and a fragment of an Asl<irtc, came up 
in the ‘ iiulldog ’ machine, lie adds, “It is evident 
that tlio majority, if not tlie whole of our submarine 
(as contradistinguished from littoral or phytopha- 
gous), inollusca originated in the North, whence they 
have in the course of time l)ccn transported south- 
Avards by the great Arctic currents. Many of them 
appear to have; found their way into the Mediterra- 
nean, or to have left tlnar remains in the tertiary or 
quaternary formations of tin; south of Italy; some 
have even niigrat('d into tlu' Gulf of Alcxieo.” 

I have great hesitation in questioning any of the 
conclusions of niy friend Mr. CJwyn dcllreys on a 
subject in which he is so excellent an authority, 
hut 1 confess 1 do not quite see the cogency of his 
r(!a.soning on this point. It Avould sc'cni rather that 
the last chang(! in tin; molluscan fauna of the liritisli 
area, at moderate d(q)ths, consisted in the retirement 
of northern species at the close of the glacial period 
and the immigration of southern forms. The qua- 
t(;rnary beds of the Clyde district contain a rich 
assemblage of mollusca; those; of the neighbourhood 
of Rotluesay especially rej)resenting the dei'per part 
of the Laminarian and tin; Coralline zone. The 
broad characteristic of the fauna of this bed is 
that many of the most nunn'rous species — for 
example, Pedm islaudkm, Telliiia culcorea, and 
Naliaa chiiisa—im'. now extinct in the seas of 
Britain, hut are still met with in abundance in the 
seas of Scandinavia and Labrador ; while many forms 
now extremely common in the British seas and 
having a southern extension are entirely absent. 
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W(3 found some of the glacial shells of the Clyde 
beds living on the nortliern outskirts of our region, 
— Tellina calcarea, for instance, was very common 
in some of the Fjords in Faeroe. It seems evident 
that this fauna quietly retreated northwards in the 
face of slowly altering circumstances. Such an 
instance of change of fauna, which we are able in 
a great degree to trace step by step, has an interest- 
ing bearing upon the groat question of the contem- 
poraneity of beds containing generally the same 
fauna at distant localities. We can well imagine 
that a block of perfectly recent silt might be brought 
from a locality on the verge of the Arctic; circle, 
imbedding precisely the same species of mollusca 
as those contained in a block of the Clyde glacial 
clay, and the mineral character of the matrix in 
the two cases might correspond most closely ; apply- 
ing the ordinary geological rule, those two blocks 
agreeing in their palaeontological characters ought 
to be contemporaneous, — but we know that Avhile 
the northern silt belongs to the present period, the 
British glacial clays arc overlain by a deep scries 
of modern deposits, representing the lapse of a 
period of time considerable even in a geological 
sense, and containing a fauna of a very different 
character. This is no doubt a comparatively trifling 
case, involving beds of no great depth or import- 
ance, but it is a case in which two beds correspond 
pala;ontologically, and yet we Icnoio that they are 
not contemporaneous from one of them being overlain 
by a considerable thickness of newer strata, while the 
other is now forming, and tlius furnishes a date, a 
rare and valuable thing in geology. 
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I have already pointed out that in reasoning upon 
the ground of identity of deep-sea forms with speeies 
hitherto found in Scandinavia, we must rememher 
tliat tlie conditions of temperature of our southern 
seas at great depths— the conditions wliich appear to 
have the greatest influence upon the distribution of 
s})ecies — correspond very closely with those of much 
shallower water in the Scandinavian seas ; and that 
consequently the corresponding fauna in the northern 
regions was much earlier, and is still much hotter 
known. Mr. Clwyn Jeflreys lays great stress upon 
the great('r numbers and the greater development 
in size and in prominent characters of sculpture and 
otlocr ornament, of the Arctic examples of species 
common to our deep watei’. This is no doubt often 
the case, hut we must admit that in many groups, 
and particularly among the mollusca, there is a 
tendency to dwarfing in deep water, and I should 
think it very possible that a species may attain 
a greater size and development in that region where 
its zone of special temperature conditions comes 
nearest the surface, most under the influence of 
air and light. 

Many of the mollusca from the deep water have 
hitherto been found only in the northern portions of 
the area examined, and arc generally allied to northern 
forms. As examples of this group I may mention 
two interesting additions to the already famous Shet- 
land fauna, Buccinopsis striala, JEvriiEYS (Tig. 70), 
a form somewhat allied to Buccinopsis clalei, which 
has long been one of the prizes of the Shetland seas, 
and Latirus (dims, jEEFiiEys (Tig. 77), known also 
from the coast of Norway. Cerilhimu granosmn, S. 
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V, Wood, also common to Norway and Shetland, 
is found fossil in the coralline and red crag, and 
Fums sarsl, JEmtErs, common to Shetland and 
Norway, is found fossil at Bridlington. 

Several species have hitherto been known only 
from the south, and Mr. Jeffreys finds a diffieulty 
in accounting for their presence. Thus, TelJuni am,- 
presHci, Biiocciii, is known from the Canary Islands 
and the Mediterranean, and is fossil in tin; newer 
Italian tertiaries. Verliconlia uciilioodala, Builipvi, 



h'jG. 7(i. - sti into, J Ki'rjti.vs. I'Ki. 77.—l.otlt Hs .] !■ rruEvs. 

Kferoc Cliainicl. 'I'nicc* the natuial .si/e. liVrne 

Cliiiiiiiol. 

I have already referred to as being found on the 
coasts of Portugal and of Ja])an. It is a common 
fossil in the coralline crag of Calabria. The inol- 
lusca which are of the most special interest, hoAV- 
cver, are those Avhich we must refiw to the abyssal 
fauna. About this group av(! know as yet very 
little. Like the Echiiiotlerms, they seem to be special, 
and to have a Avide lateral extension. Plcnrunedki 
lacida, Jeffkeys (Pig. 78), a pretty little clam be- 
longing to the Fecleu pleuronectcs set, is figured 
both from the North Atlantic and from the Gulf of 
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Mexico. The abysssil molliisca are by no means de- 
void of cotour, thouo;li, as a rub*, they are ])al(>r than 
those from shallow water. Dacri/dium vili-eum^ 
a curious little mytiloid shell-fish which makes and 
inhabits a delicat(; flask-shaped tube of foraminifora, 



Kkj. 7S.—j‘Ii‘iir<inrrti'i htridii, .Ikfkrrys Twice the inliinl .m/c n. from tlie ICisteni .Mlanlie 
h, froiu Ihc (Jiilf ol .\le\ic(i, 

sponge spicules, coccoliths, and oilier foreign bodies, 
cemented together by organic matter and lined by a 
delicate membrane — is of a fine reddish brown colour 
dashed with green, from 2, Ivb5 fathoms; and the 
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animals of one or two species of Lium from extreme 
depths are of tlic usual vivid orange scarlet. Neither 
arc the abyssal mollusca universally destitute of eyes. 
A new species of Pleuroloinu from 2, .000 fathoms had 
a pair of well-developc*d eyes on short footstalks ; and 
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a Fmns iVom 1,207 I'atlioms was similarly provided. 
Tiio presciiiee oC organs of sight at these great depths 
leaves little room to doubt that light must reach even 
these abysses from some source. I'h’om many con- 
siderations it can .scarcely be sun-light. I have 
already thrown out the suggestion that tlic whoh; 
of tlu! liglit beyond a c(*rtain depth inight he due 
to phos])horeseenc(', whicdi is certainly very general, 
particularly among the larva? and young of deep- 
sea animals; hut the (piestion is oju? of e.vtrenn' 
interest and didiculty, and will require careful in- 
vestigation. 
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to microscopical examination, many observers were 
struck with tlic great similarity between its’ .compo- 
sition and structure and that of the ancient chalk. I 
have already described the general character and the 
mode of origin of the great calcareous deposit which 
seems to occupy the greater part of the bed of the 
Atlantic. If we take a piece of the ordinary soft 
white chalk of the south of England, wash it down 
with a brush in water, and place a drop of the 
milky product on tin; slide of a microscope, we find 
tliat it consists, like the Atlantic ooze, of a large pro- 
portion of fine amorpho\is particles of lime, with here 
and there a portion of a GJobiffcrina shell, and more 
rarely one of these shells entire, and a considerable 
proportion — in some examples con)ing up to nearly 
one-tenth of the Avhole— of ‘ coccoliths,’ which arc 
indistinguishable from those of the ooze. Altogether 
two slides — one of washed down white chalk, and 
the other of Atlantic ooze— resemble one another so 
clearly, that it is not always easy for even an accom- 
plished microscopist to distinguish them. The nature 
of chalk can also he Avell shown, as has been done 
by Ehrenherg and Sorl)y, by cutting it into thin dia- 
j)hanous slices, when the mode of aggregation of the 
difi’erc.nt materials can be readily demonstrated. 

Jiut while successive observers have brought out 
more and more clearly those resemblances, — suffi- 
ciently striking to place it beyond a doubt that the 
chalk of the cretaceous period and the chalk-mud of 
the modern Atlantic are substantially the same,^ — a 
more careful investigation shows that there are very 
important differences between them. The white chalk 
is very homogeneous, more so perhaps than any other 
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sedimentary rock, and may be said to be almost pure 
earboiiate of lime. I quote an analysis of the white 
chalk of Shoreham (Sussex), l)y Mr. David Forbes.' 


(Jalciulii carbonate 08*40 

Magnesium carbonate. ()'08 

Insoluble rock 1*10 

Alumina and loss 0 42 


100*00 

Even the grey chalk of Folkestone contains a very 
largo proportion of carljonatc of lime, the other 
substances existing merely as impurities which can 
scarcely be said to enter into the composition of the 
rock. The following is an analysis by Mr. Forbes of 
the base of the Folkestone grey chalk 


Calcium carbonate ‘J t'OD 

Magnesium carbonate O'.'ll 

Insoluble rock dchrin 4’Cl 

Pliosjihoric acid I 

Alumina and loss ) ^''*'*'* 

Sodium chloride I'^D 

Water O'TO 


100 00 


The most remarkable point in this analysis is that 
while white chalk is almost always associated with 
chert and flints, the chalk itself does not contain a 
particle of silica. 

The chalk-mud of the Atlantic on lire other hand 
contains not more than 00 per cent, of calcium car- 
bonate, with 20 to 30 per cent, of silica, and varying 
proportions of alumina, magnesia, and oxide of iron. 
We must remember, however, that in the English 

^ (jluoted in Mr. Prestwick 's Presidential Addres.s, 1S71. 
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cliffs we have the chalk in. its very purest form, and 
that in various parts of the world it assumes ,a very 
different character, and contains carhonatc of lime in 
very different proportions. Mr. Prestwich instances 
a hod 28 to 30 feet thick of the white chalk (Terrain 
Senonien) of 'Uourainc, in which carbonate of lime is 
entirely absent. 

Tliere can he no doubt whatever that we have 
forming at the bottom of the pres(mt ocean, a vast 
sheet of rock which very closely resembles chalk ; 
and there can be as little doubt that the old clialk, 
the cretaceous formation which in some parts of Eng- 
land has been subjected to enormous denudation, and 
which is overlaid by the beds of tlie tertiary series, 
was produced in the same manner, and under closely 
similar circumstances ; and not tlie chalk only, but 
most probably all tlie great limestone formations. In 
almost all of these the remains of foraminifera are 
abundant, some of them ajiparently specifically iden- 
tical with living forms ; and in a large number of 
limestones of all ages Dr. Glimbel has detected the 
characteristic ‘ coccoliths.’ 

Long before commencing the present investigation, 
certain considerations had led me to regard it as 
highly probable that in the deeper parts of the At- 
lantic a deposit, differing possibly from time to time 
in composition but always of the same general cha- 
racter, might have been accumulating continuously 
from the cretaceous or even earlier periods to the 
present day. This view I suggested in my first letter 
to Dr. Carpenter urging the exploration of the sea- 
bed; and from the first it has had the cordial support 
of my colleague, whose intimate acquaintance with 
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some of the animal geoups whose remains enter most 
largely jnto the chalk both old and new, makes his 
opinion on such a subject particularly valuable. 

On our return from the ‘ Lightning ’ cruise, during 
which we believed that our speculation Lad received 
strong confirmation, we used the expression,— perhaps 
somewhat an unfortunate one since it was capable of 
misconstruction, — that wo might be la'garded in a 
certain sense as still living in the cretaceous period. 
Several very eminent geologists, among wliom were 
Sir lioderick Murchison and Sir Charles Lyell, took 
exception to this statement ; but it seems that their 
censure was directed less against the opinion than 
the mode in wliich it was expressed ; and I think I 
may say that the doctrine of tlie continuity of the 
chalk, in the sense in which we understood it, is now 
very generally accepted. 

I do not maintain tliat the phrase ‘ we are still 
living in the cretaceous epoch,’ is defensible in a 
strictly scientific sense, cbicdly because the terms 
‘ geological epoch ’ and ‘ geological period ’ are 
thoroughly indefinite. Wo sjieak indilferently of 
the ‘ Silurian period,’ and the ‘ Clacial period,’ Avdth- 
out consideration of their totally unequal value ; 
and of the ‘ Tertiary jicriod,’ and of the ‘ Miocene 
period,’ although the one includes the other. The 
expression is intended rather in a popular sense 
to meet what was certainly until very lately the 
general popular impression, that a geological period 
has, in the region where it has been studied and 
defined, something like a beginning and an end ; 
that it is bounded by periods of change— elevation, 
denudation, or some other evidence of the lapse ot 
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unrecorded time ; and tliat it would be inadmissible 
to speak of two portions of the same eontinuoxxs 
deposit, however distant tlie times of their deposition 
might be, xind however distinct their imbedded 
faunm, as belonging to different ‘Geological periods.’ 

It xvas cei’tainly in this sense that in an address to 
a popxxlar audienee in April ISO',) I ventured to state 
my belief that it is not only chalk which is being 
formed in the Atlantic, “ but the chalk, the chalk of 
the cretaceous period.” Sir Cliaides Lycll says, in 
summing up his objections to this view,^ “ The 
reader will at once perceive that the present Atlantic, 
Pacific, and Indian oceans, are geographical terms 
xvbich must be wholly without meaning when apidied 
to the eocene, and still moi*e to the ciadaecous period, 
so that to talk of the chalk having been unixiter- 
ruptcdly Ibi’incd in the Atlantic is as inadmissible in 
a geographical as in a geological sense.” I confess 
I do not see the geograjihical difficulty ; the 
“Atlantic ocean” is, undoubtedly, a geograjihical 
term, but the depression under discu.ssion occupies 
the area at present expressed by that term, and to 
use it seems to be the simplest way of indicating its 
])Osition. We believe that the balance of jirobability 
is greatly in favour of the chalk having been unin- 
terruptedly forming over some parts of the area in 
question, and our belief is founded upon many con- 
siderations, fihysical and jiaheontological. 

All the principal axes of elevation in the north of 
Europe and in North America have a date long an- 
terior to the di'position of the tertiary, or even of the 

' Till- Stuileiit’s Elfiiiuiits of Geology. Ily Bir f'liarlos I.yell, Bart., 
F.R.S. 1.011(1011,1871, r. -id.l. 
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newer secondary beds, although some of them, such as 
the Alps and the Pyrenees, have recciv()d great acces- 
sions to their height in later times. All these newer 
beds have therefore been deposited with a certain re- 
lation in position to certain main features of contour 
which are maintained to the present day. Many oscil- 
lations have doubtless taken place since, and every 
spot on the European plateau may have ])rol)ahly 
alternated many times between sea and land ; l)at it is 
difficult to show that these oscillations have occurred 
in the north of Europe to a greater extent than from 
4,000 to 5,000 fc(;t, the extreme vertical distance be- 
tween tlio base of the tertiaries and the highest point 
at Avhich tertiary or post-tertiary shells are found on 
the slopes and ridges of mountains. A subsidence of 
oven 1,000 feet would, however, be sufficient to pro- 
duce over most of the nortliern land a sea 100 fathoms 
deep, deeper than the Geianan Ocean ; and an eleva- 
tion to a like amount would connect the Shetland and 
Orkn(>y Islands and (ireat Eritain and Ireland with 
Denmark and Holland, leaving only a long dee]) Ejord 
separating a Eritisb peninsula from Scandinavia. 
When Ave bear in mind the abiuidant evidence 
which we have that these minor oscillations, with a 
maximum range of 4,000 to 5,000 feet, have occurred 
again and again all over the Avorld within compara- 
tively recent periods, alternately uniting lands and 
separating them by shallow seas, the position of the 
deep water remaining throughout the same, the im- 
portance of an accurate determination of the depth of 
intervening sea in all speculations as to geographical 
distribution and the origin of special faume becomes 
most apparent. 
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Pi-om a glance at the map (PI. Vril.), and remem- 
bering tliat nearly the same arrangement exists in 
regard to tlui newer rocks of North America, it would 
s('em that the sum of these; minor elevations and 
subsidences has produced a general (devation of the 
edges, and ai general contraction, — of a basin the long 
axis of whicli coincides roughly witli the long axis of 
the Atlantic. Tin; Jurassic beds crop out along the 
outer (‘dge of tin; basin, the cr(;taceous hods form a 
middle hand, while the terliaries occupy tin; troughs 
and valhws. All of these, however, maintain a cer- 
tain parallelism determined by the contour of the 
earlier land and the dire(;tiou of the older mountain 
ridges, to one another, and lo tin; shores of the 
present sea. 

J'h’om the parallel of 55' north latitude, at all 
events to the e<piator, we have; on either side of 
the Atlantic a depression GOO or 700 miles in Avidth, 
averaging 15,000 had in depth. Thesi; two valleys 
arc separated by the modern volcanic plateau of the 
A(;orc,s. It does not seem to us to he at ,all pro])ahle 
that any geiu'ral o.seillations have taken place in the 
northern hemisphere sullicient either to form these 
imm('nse abysses, or, once formed, to conv(;rt them 
into dry land. 

Ileasoning ])artly u[ion ])hysical and partly upon 
palmontological grounds, Air. Prcstwich thinks it 
probable that the ancient chalk ocean Avhich formed 
a great transverse belt entirely across southern and 
eastern Europe and central Asia on the one hand, and 
across the Isthmus of Panama and southern North 
America on the other, Avas cut off by a land barrier 
from the Arctic Sea, and on that account possessed a 
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much liiglier and more equable temperature to tlu^ 
bottom ; and there is every reason to believe that such 
a land l)arrier did exist to the north of the great 
Atlantic basin, and continuous with the belt of 
northern land on which there is no deposition of cre- 
taceous rocks. Tie says that “ if such a land barrier 
existed at the period of the chalk, and that barrier 
was submerged during the earlier part of tlie tertiary 
period, it would, taken in conjunction with the very 
dilferent conditions of depth under which tlie chalk 
and lower tertiaries were found, go far to a(*count for 
the great break in tlie fauna of the two periods.” 

From the information we have as to the depths 
in the South Atlantic and tlie North Pacific, there 
seems to be no reason, however, to suppose that a 
barrier has recently existed shutting olf the polar 
sea of the southern hemisphere ; and I confess I 
cannot quite see how the result suggested by Mr. 
Prcstwich could follow, without taking into account 
another condition of whose existence we seem to 
have evidence. A baud of cretaceous rocks has been 
shown to extend round the world a little to the 
north of the equator wherever we have dry land ; 
and it has likewise been shown, from considera- 
tions of depth, that this chalk band probably ex- 
tended also across our great ocean basins. At that 
time, then, it seems that no continent ranging from 
north to south interrupted the drift of the equatorial 
current, deflecting the heated equatorial water to 
north and south and inducing a return indraught 
of polar water. This w'ould undoubtedly remove 
one great cause, if not the sole cause, of the present 
low temperature of deep water between the tropics. 
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According to this view, the reduction of the tempera- 
ture, the cause of the break in the fauna, would 
depend more upon the elevation of Central America 
and tlic Isthmus of Panama and the intertropical 
eastern coast of the continent of Asia, than even 
upon the depression of the northern harrier and the 
throwing open of the Arctic basin. 

“ If at any former period the climate of the globe 
was much warmer or colder than it is now, it would 
have a tendency to retain that higher or lower tem- 
perature for a succession of geological epochs. . . . 
Tlie slowness of climatieal cliango here alluded to 
would arise from the great depth of tlie sea as com- 
pared with the height of the land, and the con- 
sequeut lapse of time required (o alter the position 
of continents and great oceanic l)asins. . . . The 
mean height of the land is only 1,000 feet, the 
depth of the sea 15,000 feet. The elfect, therefore, 
of vertical movements equally 1,000 feet in Ijotli 
directions, upwards and downwards, is to cause a 
vast transposition of land and sea in those areas 
w'hich are now continental, and adjoining to which 
there is much sea not exceeding 1,000 feet in depth. 
But movements of equal amount would have no 
tendency to produce a sensible alteration in the 
Atlaiitic or Pacific oceans, or to cause the oceanic or 
continental areas to change places. Depressions of 
1,000 feet w^ould submerge large areas of existing 
land ; but fifteen times as much movement would 
be required to convert such land into an ocean of 
average depth, or to cause an ocean three miles deep 
to replace any one of the existing continents.” ‘ 

^ J.yell; Principles of U eulogy, 1807. Pp. 
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The wide extent of Tertiaries in Europe and the 
north of Africa sufficiently proves that much dry land 
has hceii gained in tertiary and post-tertiary times, 
and the great mountain-masses of Soutlicrn Europe 
give evidence of great local disturbance. Eut al- 
though the Alps and the Pyi’enccs are of sufficient 
magnitude to make a deep impnjssion upon the 
senses of men, taking them together, these moun- 
tains would if sprc'ad out only cover the surface 
of tlie North Atlantic to the depth of six feet, and 
it would take at least t wo thousand times as much 
to till up its IxmI. ■ It would seem by no means im- 
probable, that Avhile the edges of Avhat we call the 
great Atlantic depression have been gradually raised, 
the central portion may liavc accpiircd aii equivalent 
incr(!ase in dc])th ; but it seems most unlikedy tliat 
while the main features of the contour of tin; northern 
hemisphere remain the same, an area of so vast extent 
should have been depressed by more tlian the heiglit 
of Mont Plane. On these physical grounds alone avc 
are inclined to believe that a considerable })ortion of 
this area has been continually under Avater, and that 
consc(iuoutly a dej)osit has been forming there unin- 
terruptedly, from the period of the chalk to our OAvn. 

I Avill noAv turn to the paheontological Ixiarings of 
the question. Long ago Mr. Lonsdale showed that 
the Avhite chalk Avas mainly made Aip of the ih'hvin of 
foraminifera, and Dr. Mantell estimates the number of 
these shells at more than a million to a cubic inch. 
In 1818, Dr. Mantell, speaking of the chalk, says 
that it “ forms such an assemblage of sedimentary 
deposits as Avould probably be presented to observa- 
tion if a mass of the bed of the Atlantic, 2,000 feet 
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in tliickness, were elevated above the waters and 
becatne dry land ; the only essential difference would 
be in the generic and specific characters of the im- 
bedded animal and vegetable remains.” ' In 1858 
Professor Huxley spoke of the Atlantic mud as 
“modern chalk.” Very early the identity of some 
of the chalk foraminifera with species now living was 
observed. Mr. Prestwich, in his able resume of this 
question, so often quoted, gives a table drawn up by 
Professor llupert Jones of 19 species of foraminifera 
out of 110 from the Atlantic mud identical udth 
chalk forms, viz. ; — 


Sp'wies of Foraminifera fonml in both llie Allantie 
Mml and the (.'bulk of ICuglaml and Fnr(»i»e 


! (jllaiidaUwi IVOuBiCJNY . 

Xodomriil r((dlrf(l(t, Lixx. . . . 

i „ raphatmSy Lixx. 
i DentaJina commffidsy J)’(.)kbtoxy . 
i Crlddl((i'ia adfrafit, MoxT. 
i ,, rot(d((/ny . 

i „ nrpidufa, K. and M. . 

Lafjena .^nlcalu^ W. and J . . . . 

,, (ffohifSa, ^loXTAGU . . . 

Poh/m.()r))hln.((, lacleuy W. and J. . 

I „ com.mfnil.Sy D’Ornnoxv 

; ,, com.pre.^.<ay D’OimioxY 

,, (fvIfitjitU, Khk. . , 

(dohlf/rvina htdloides^ D’OuniBXV . 

Plaiforhiiliva loljafti/a, W. and d. 

Piddnidina nifcheUafKiy D’Oiujkjxy 
f Sjfiroplcda Inform i.Sy I\ and rl. 

; Verneuiliffa triijrdra, Xo's ^1. . . 

' jy pof pdropha, JvEUSS 


other older Formations in which 
tliey are also found. 



XXX 
I ~ X X 

! X X X 

i X X i X 

X : X X 

- i X ' - 

' 



X ! 



X 



X 


I - 



^ Wonders of Geology, Gih edition, IS 18. Yol. i. p. dOr?. 
“ Saturday Iteview. 
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And the following table, showing the number of 
Ibraininitera eommoii to the Atlantic mud and various 
geological formations in England : — 


(huunmn to tin* following formations. 


I Total 


_ . 


- ..... 





1 in the 




Ehadie : 



j Atlantic. 

Crag. 

Jjoiulon 

lalk. 

rjtiuT Lower ami 

Ter- 

(A) r bo- 



clay. 


Jurassic. Jura.s.sic, I'ppcr 
’I’rias. 

inian. 

ll ifcroii.s. 

: 110 i 

5;^ 


H) 

7 7 7 

1 

V 

Th(! 


of 

the foraminifera 

has 

been 


studied with great care, and the dilfercnces between 
closely allied so-called species are so slight that it is 
possil)le that in many cases they should only be 
regarded as varieties; but this careful criticism and 
appreciation of minute dilferences renders it all the 
more likely that the determinations are correct, and 
that animal forms Avhieh are substantially identical 
have persisted in the depths of the sea during a con- 
siderable lapse of geological time. 

In the late deep-sea dnalgings by M. de Pourtales 
off the American coast, and hy H.iM. ships ‘ Light- 
ning ’ and ‘ I’orcupiiu',’ and IMr. Marshall Hall’s yacht 
‘Norna’ off the west coast of Europe, no animal 
forms have been discovered belonging to any of the 
higher groups, so far as we are as yet aAvarc, speci- 
iically identical with chalk fossils ; and I do not think 
that Avc have any right to ex])ect that such Avill be 
found. To a depth of 5,000 f(!et or so a large portion 
of the North Atlantic is at present heated very con- 
siderably above its normal tempiTature, while the 
Arctic and Antarctic indraught depresses the bottom 
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tempi'rature in (l(*o[) water to a like extreme degree. 
These abnormal tem])(!raturcs aia; d(?pendent upon 
the present distribution of' sea and land ; and 1 
have already shown that we have (uidence of many 
oscillations, in inoihaai times g(!ologically speaking, 
which must have produc(!d totally dilferent condi- 
tions of temperature over the same ar('a. Accepting, 
as I believe we are now hound to do in some form, 
the gradual alteration of species through natural 
eaus(;s, we must be pre])ar{*d to (‘xpeet a total ahseneii 
of forms identical with those found in the old chalk, 
helonging to groui)s in which there is sufficient 
structural dilferentiation to reijuire or to admit of 
mark(^d variation under altiu-iiig eircuinstances. The 
utmost which can he e-xpeetial is the ])(n‘sistence of 
some of the old generic types, and such a ri'seinhlance 
hetwi.'cn the two faume as to justify tlu' opinion that, 
making due allowance for emigration, immigration, 
and (?xt('.rmi nation, the later fauna hears to the 
earliiT tlu; relation of d<!se(mt with extrtune modi- 
fication. 

I have alriauly mentioned that one of tin; most 
remarkable dilferenccs between the recent Atlantic 
chalk-mud and the ancient while chalk is the total 
absence in the latter of free silica. It would seem, 
from the analysis of chalk, that silicious organisms 
were entirely wanting in the anchmt cretaeiaius seas. 
In the chalk mud, on the other hand, silica is found 
in ahundanei^, in most specimens to the amount of 
from 80 to tO ])er cent. A considerahhi portion of 
this is inorganic silica— sand; and its presence is 
doubtless due to the circumstance that our dredgings 
have hitherto been carried on in the neighhourhood 
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of land and in the path of slig’ht currents, wliilst the 
extreme purity of the white chalk of Sussex would 
seem to indicate that it had been laid down in deep 
still water far from land. A considerable ])roportion 
of the silica of the chalk-mud, however, consists of 
the spicules of spo7TL"os, of the spicules and shields 
of radiolarians, and of the frustiiles of diatoms ; 
and this organic silica is uniformly distributed 
through the whole mass. Taken in connection with 
the absence of ditfused silica in the white chalk, 
we have the singular fact ol‘ the presence of regular 
layers of flinty masses of nearly ])ure silica, pre- 
senting frequently the external form of mor(' or 
less regularly-shaped sponges, and frequently filling 
up the cavities of sca-urehins or bivalve sludls. If 
we take the simple instance of pure grey flint filling 
up entirely the cavity of an urchin, such as Golo- 
riles aU)0-gal£)'ifs, or Auanchylea ornlux, and showing 
at the oral opening of the shell a little projecting 
knob, like a bullet-mould filled with h'ad, ue have 
no escape from the conclusion that afti'r the death 
of the urchin the silica has percolated info the shell 
in solution or in a gelatinous condition, and the silica 
must have previously existed in some other form, 
either in the chalk or elsewhere. In the ciialk which 
contains not a trace of silica we often find the moulds 
and outlines of organisms which we know to have bt'cn 
silicious, from Avhich the whole of flic silica has been 
removed; and I bavc more than once seen cases in 
which a portion of the delicate tracery of a silicious 
sponge has been preserved entire in a flint, while the 
remainder of the vase which projected beyond the 
outline of the flint appeared in the chalk as a trellis- 
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work of spacos, vacant, or loos(']y filled with ])(TOxido 
or cavhonato of iron, it tlua’ciorc seoins ccvtaiji tliat 
hy some moans or oilier Ihe orpjaiiie silica, distrilmled 
in the shape of sponge spicules and other silicious 
organisms in ilu' chalk, has been dissolved or rednci'd 
to a colloid state, and aeenmulated in moulds fornu'd 
by the sludls or outer walls of imbedded animals of 
various classes. Jlow tin' solution of the silica is 
e(fect('d we do not jirecisidy know. Once reduced 
to a colloid condition, it is easy ('noui.''b to imagine 
that it may be siftivl from the watiT by a process 
of ('inlosmosi', tin' chalk matri.v actin',^ as a porous 
nK'dium, and accumulated in any convenient cavities. 

In various localitii's in the chalk and green-sand of 
th(' .North ol' Ibigland tlu' peculiar bodii's nhicb an* 
called Vciiiriculiles are e.vei'ssively abundant,-- ele- 
gant vases and cups with hranehing root-liki' bases, 
or groups of ]‘('i>ularly or irregularly spreading tubes, 
delicately iisbted on the surface Avitb an impn'ssed 
network like the finest laeiu In the y(‘ar istO lh(‘ 
late j\lr. 'roblinin Smith j’tildisbed the result of 
many years’ c.irelitl study of these bodies, and gave 
a minute and most accurate description of tludr 
structuri'. Ife found them to consist of tuhi's of 
('.\treme tenuity, delicately meshed, and having be- 
tweim them inler.spaces usually Avitb very I'l'gular 
cuhial or oetobedral forms. I’Ik'Sc tulx's in the Abm- 
triculites found in chalk were empty, or contained a 
little red oebreous matter; but when a ventrieulite or 
a portion of one happened to be entangled in a (lint, it 
Avas either incorporated Avitb the Hint or replaced by 
silica. j\lr. 'roulmin Smith supposed that the skeleton 
of the ventrieulite had been originally calcareous. 
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and lie referred the f^roup to tiie Polyzoa. ATlien 
Mr. Toulinin Smith studied the Ventriculites, tlie 
Jlexaetinelluhe — the sponges with six-rayed meshes 
or spicules— were practically unknown, thoui*!! Ila're 



-- 14 X / . Toi r,.MiN S,MI rii Once .m-l .1 li.ilt Dm 11,1! ■'i/'’ 

were already a few examples in nmsenms. One of the 
first results of deep-si'a dred^'in^ was tlie disctneiy 
that the chalk-mud of the dec]) S('a is in many plac('s 
literally crowded with these; and when nc' com})ure 
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sucli recent forms as Aphroeallistes, Iphiteon, Rol~ 
tenia, and Ashonema with certain series of the chalk 
Ventriculites, there cannot be the slightest doubt that 
they belong to the same family — in some cases to 
very nearly allied genera. Pig. 80 represents a very 
beautiful specimen of Ventricidites simplex preserved 
in flint, for which I am indebted to Mr. Sanderson of 
Pdinbux'gh. Looking at this in the light of our 
knowledge of Euplectelht or AphrocalUstes heatrix, 
we have no difficulty in Avorking out its structure, 
even to the most minute microscopic detail. 

Other sponges, belonging chiefly to the Lithistidu) 

and the Corticatae, re- 
produce with wonderful 
accuracy the more irre- 
gular sponge-forms of 
the chalk and green- 
. sand; and a group, as 
^ yet undescribed, but 
A apparently an aberrant 
family of the Esperiadao, 
send out long delicate 

Pii;. shnph\r, Toulmin 8mith. tubes, which contract 

Outer surfai^c ; four times the natural size. i . i j i -i j • j 

sliglitly, but in a most 
characteristic way, at the point of their insertion 
into the sponge body, recalling very forcibly the 
peculiar manner in Avhich the tube-like root processes 
join the sponge in such genera as the vaguely defined 
Choanites. 



One sponge belonging to the group is represented 
at Pig. 83. A sphere 15 to 20 mm. in diameter con- 
sists of a smooth glossy external rind, composed of 
closely meshed pin-headed spicules, with two kinds 
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of ‘ spicules of the sarcode,’ one large, C-sliapcd, the 
other much more minute, answering to Bowerhank’s 
‘ tridentate equianchorate’ type ; every now and then 



Fig. ^2.~-VentricvHks simple.!:, Smith. Suction of tlui outer wall, show iiig the 

structure of the silicioiis network, (x. 50.) 

the rind thus formed coming to the margin of a small 
pore. The interior of the sphere is filled with soft 
semi-fluid sarcode, supported hy the loosest possible 



Fio. S$.—C(xlo.->ph<era tubifex, Wyville Thomson. Slightly enlarged. Otf the coast of Portugal. 

mesh-work of granular horny matter and pin- 
headed spicules. Prom points apparently irregularly 
placed on the surface of the sponge, tubes about 
3 mm. in diameter run out in all directions ; 
the walls of the tubes are thin and delicate, being 
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more so towards the distant ends, where the tubes 
contract slightly to an open orifice. At the proximal 
end, at tlie junction between the tube and the 
sponge body, there is also a contraetion, and a slight 
pit-like involution of the surface of the sponge. 



Fi(j. 81 — ‘ (HunniiUs’ In a Hint from tlic white chalk. 


There is something very characteristic in tliis pecu- 
liar form of junction which it is not easy to define, 
l)ut which almost forces tlie conviction that there is 
the closest relation between tlicse recent forms and 
tube-hearing fossil sponges such as Ghocmites. 

Professor Martin Duncan mentions several corals 
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from the coast of Portugal more nearly allied to 
chalk forms than to any others, hut it is in tlic 
Echinodermata that the peculiar relation between 
the ancient and tlie modern faunse becomes most 
apparent. To review l)riefly the chief points hearing 
upon this question. The Apiocrinidtc, the gi’oup of 
iixed crinoids whicli I have already described, are 
al)undant throughout the Avholo range of the Jurassic 
rocks, their remains being fr(‘([ucntly very abundant 
in tiie tliick cream-coloured linu'stone beds of tiie 
oolites. Towards the close of the Jurassic period, 
tl)e typical genera disappear, and in the chalk we 
find the group represented by an evidently degenerate 
form, BourgneltlcHnm. In some tertiary-l)eds frag- 
ments of the stems of a small Bourgiictlicrlvus have 
l)een found, and such were likewise discovered in 
the recent lime breccia of Guadaloupe, which con- 
tained tlio W('ll-knoAvn human skclelon noAV in the 
British Museum. There can be little doubt that 
these tertiary and post-tertiary fragments are to be 
referred rather to the genus Jihizooriiixs, Avhich avo 
noAV know to be so Aviddy distributed, living, in 
deep AA'atcr. Xow in this series of ApiocrinidaA, 
extending from the J^'orest marble to tlie present 
time, although there is a succession of constantly 
changing species, yet the gradual degradation in 
development in the same direction throughout tlie 
s(u*ics seems to point unmistakcably to some form 
of continuity, to a type gradually succumbing to con- 
ditions sloAvly altering in an unfavourable direction. 

The other family of the stalked crinoids, the 
Pentacrinidae, are in a dilferent position. They are 
abundant in the Lias ; very abundant in the lower 
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oolite, where slabs are often found almost made u]) 
of them, with a characteristic deep-water association 
of Cidarh, Jn/z-of/oiiitn/t, and Adropecten ; and al- 
tlioiiyh not abundant in the English chalk, several 
species are found, and these show no tendency to 
dej^eneracy. As mii'ht he exj)ected, such remaijis 
are rare in the shallow-water tertiaries. AV ith regard 
to their distribution in modern seas, from the 
apparent aljundanee of 1\ aslcria and l\ miilleri 
in deep water in the \V(;st Indies, and of P. wi/cillc- 
lliowsoni off the coast of I’ortugal, it is very jJOs- 
sihle, as 1 Iiave already said, tliat they may occu])y 
a much more important place in tiu' abyssal fauna 
than we at present imagine. 

Nearly all the additions fronr the deep water to 
the list of the Asterid('a fall into the genera 
Aivlidder and Advopetdeu, or into the vario^is sub- 
divisions of the old genus (JoiiHi.der. E’rom their 
breaking up into a multitude of undistinguishable 
ossicles by the decomjjosition of their soft organic 
matter immediately aft(‘r death, the fossil remains 
of star-lishes an; comparatively rare, and arc; scarcely 
met with except in line calcareous formations, sucli 
as the At'cnloek limestone — and in later times in the 
tine yellow limestones of the oolites, and in the 
nhite chalk. ]n the latter formation, dei)osited ap- 
parciitly xai-y much under the same circumstances 
as the Atlantic chalk-mud, the general character of 
the group of imbedded star-tishes is almost the same 
as in the modern fauna of the deep Atlantic. 

I'he Echinid(*a are a more typical order. E'rom 
the compactness of their tests they are more readily 
])reservcd entire, and from the earliest periods their 
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cliai'actcristic and liarnioniously varying scries are 
of considerable value in the discrimination of the 
ditferent ibrmtitions. In the soft white chalk of the 
soutli of England tlicir remains are extremely abun- 
dant. Perlia])s the most abundant and cliaract(;ristic 
fossils in the chalk are the Cidarida', and these more 
than any other chalk fossils illustrate the peculiar 
conditions under which the chalk has been laid down. 
The great spines of Cidaris are attaclu'd to the ])latcs 
of the shell by a central ligaimmt which passes from 
the cup on the spine to a perforation in tlu^ ball on 
tin* plate, and by a membrane Avhicb rises from the 
plate and passes oven the base of the spine. Tin; 
spines are, howc'vcn*, so disproportionatc'ly large, and 
the soft matter softens and decomposes so rajiidly 
after d('atli, that it is ditlicult to k('ep tlie sj)ines 
attached to a sjjecimen pr(‘])arcd ev(Mi with consider- 
able care. In the chalk, tests of Cidai'is are fre- 
fpiently preserved absolutely entin*, with all tin; 
spines in position; so that by carefully woi'kiiig out 
the chalk Avitli a [X'uknih', Ave can here have the 
whole animal ))erfect. It is dillieult to se(‘ ])rccis('ly 
how this result can luiA'c been produccHl. The urchin 
must have sunk into the soft chalk-mud and 
been covered up by a sullicient quantity to support 
its spines and test, and alloAV the Avholc to become 
gradually compacted into a solid mass. One of tin; 
mnA" deep-sea Cidarites belongs to a genus Avhich 
bad previously been sujjposed to b<‘ extinct, but tln^ 
clialk-mud forms generally do not shoAV any special 
approach to any particular chalk s]i(.'ci('s. Still the 
general character of the group is tlaj same'. The 
Echinothuridm AAcre previously known only as chalk 
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fossils, so that their presence apparently in abun- 
dance in the recent chalk-mud is a clear instance 
of the preservation of one of the old types hitherto 
supposed to he extinct. The same may he said of 
Tourlalesia, wliich must associate itself cither with 
Amnehytes or with Dysuster, both of which are 
types of groups likewise supposed to have been lost. 
Wc thus tind that, while no Echitioderm hitherto 
discovered in the deep water is speeitically identical 
with any chalk form, not only does the abyssal fauna 
with its abundance of the Cidarida^, Jilchinothuridto, 
and irregular urchins, and tlic disproportionate num- 
bers of the genera Astropecten, Astroyoniim, and 
Stellnster, and tlicir allujs among starlishcs, singu- 
larly resemble the clialk in general facies ; but 
several genera approach chalk forms more closely 
than they do any liitlierto known in a living state — 
approach them so closely as almost to force upon 
us the conviction that their relation is one of descent, 
accompanied by change of conditions and consequent 
modification, though not to any extreme degree. 

As I have already stated, the Avholo of the mol- 
lusca from the deep water which had been previously 
described as fossils were known from tertiary and 
post-tertiary beds ; with tlie very doubtful exception 
of our common Tcrehralulina capnt-serpentis, Avhicli 
certainly approaches very closely Terchralnla striata 
from the chalk. 

It is not surprising that this should he the case. 
It is a marked character of the European Tertiaries 
that Avitli the exception of some of the older beds in 
the’ south of Europe, all of them have been deposited 
in shalloAv Avatcr ; so that the tertiary beds represent 
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the mineral accumulations and the fauna of the 
margin of some sea. We may say that they have been 
deposited in the shallow water of tertiary seas whoso 
deep-sea fauna is unknown, and this mode of expres- 
sion is most in accordance with previous ideas ; hut if 
tlie view here advocated be correct, we must regard 
the tertiaries as the deposits formed and exposed by 
depressions and upheavals of the borders of the cre- 
taceous sea; of a sea which, with many changes of 
condition produced by the same oscillations whicli 
alternately exposed and sul)nicrgccl tlic tertiaries, 
(ixisted continuously, depositing conformable beds of 
chalk-mud from the period of the ancient clialk. 

Mollusca ar(? chiclly shallow-water forms, although 
some of them arc special to deep Avatcr, and otliers 
have a great vertical range. As T liave already said, 
considering the many clianges iji tlic conditions Avhicli 
most alToct animal life which hav(? occurred during 
later geological times, wo cannot expect to find any 
animals of the higlua* groups specilically identical 
Avith chalk fossils ; the diniculty in the case seems 
rather to he to account for tlic identity of many 
living deep-water species with species found in the 
Tt'rtiarics. I think, however, that Ave can find a clue. 
Most of the species common to the modern Atlantic 
and to tertiary beds arc now found in the Atlantic at 
much greater depths tlian those at Avhich they Avcrc 
imbedded in the tertiary seas. This avc know by tlic 
species from shalloAver AA'atcr Avhich arc associated 
with them in the Tertiaries. They arc, therefore, 
species Avhich had a considerable vertical range ; and 
probably while many of the shallower water forms 
were exterminated hv elevations or other change 
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affecting the first one or two hundred fathoms, tliey 
were enabled to survive, the deeper part of their 
habitat having suffered but little alteration. 

Sir Charles Lyell says : “ The reader should be 
reminded that in geology we have been in the habit 
of founding our great chronological divisions, not on 
foraminifera and sponges, nor even on echinoderms 
or corals, but on the remains of the most hioihlv 
organized beings available to us, such as mollusca. 

• . . In dealing with the mollusca, it is those of the 
highest or most specialized organizations which afford 
us the best characters in proportion as their vertical 
range is the most limited. Thus the cephalopoda arc 
the most valuable, as having a more restricted range 
in time than tlic gasteropoda, and these again are more 
characteristic of the particular stratigraphical sub- 
divisions than tlie lamcllibranchiate bivalves, while 
these last again are more serviceal)le in classification 
than the brachiopoda, a still lower class of shell-fish, 
Avhich are the most enduring of all.” With great 
deference to Sir Charles Lyell, I cannot regard the 
most highly specialized animal groups as those most 
fitted to gauge the limits of great chronological 
divisions, though I admit their infinite value in 
determining the minor subdivisions. 

The culmination of such animal groups, such as 
Ave find in the marvellous abundance and variety of 
both orders of cephalopods at the end of the Jurassic 
and the commencement of the cretaceous period, 
undoubtedly brings into high relief, and admirably 
illustrates to the student, the broad distinctive cha- 
racters of the mcsozoic fauna ; but speaking A"cry 
generally, the more highly a mollusc is specialized 
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tlie shallower is the water which it inhabits. Tlic 
ccphaiopods are chicdy pelagic and surface things, 
and their remains are consequently found in deposits 
from all depths. To this general pelagic distri- 
bution of cephalopods there seem to be two re- 
markable exceptions, and these the two members 
of their class which are by far the most interest- 
ing in their geological relations. NmUllus pom- 
pilim inhabits the deep water of the I’acific, Avhilc 
tlic habitat of Spinila uuslralis is unknown. The 
shell of Spirilla is thin and light, and, probably 
after the death of the animal and hy the dccom- 
])osition of organic matter, it becomes filled with air, 
and the emptied shell floats, and is drifted along on 
tlie surface of the sea. Tropical shores ari; strcivn with 
the pearly little coil, which attracts attention by the 
elegance of its form. It is abundant on all shores in 
the path of tlie Gulf-stream. Sysselraann Miillcr gai^c 
me, a few years ago, a quantity which had been drifted 
on tlic south-western shores of ditferent islands of the 
Tfcroe group. Still the structure of the animal of 
Spirilla may he said to be unknown. One specimen 
only, Avhich was described by Professor Owen, iras 
found nearly perfect on the coast of New Zealand by 
JVlr. Percy Noel. I suppose there can be little doubt 
that this is a deep-ivatcr form, and I hope that with 
our deep-sea dredging we shall soon clear up its 
economy; but in the meantime the evident abundance 
of the animal and our ignorance of its history arc very 
suggestive. In the London clay one or two examples 
of a fossil have been found, nearly allied to Spirilla, 
but differing in this respect — tliat a solid conical 
rostrum projects backwards, its half-calcified, half- 
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horny substance enclosing the greater part of the 
curved spiral shell. Now if the recent Spirilla had 
been weighted with such a rostrum it would probably 
have remained up to the present time utterly unknown 
to us. It is unwise to prophesy, but I certainly 
look upon some form allied to Spirulirostris as one 
of the most likely spoils of the deep sea. From the 
Tertiaries we pass to the Cretaceous forms, and find 
in Belemnitella the chambered shell straightened and 
reduced, and the ‘ guard ’ greatly increased in size. 
If Belemnites were deep-sea animals, as seems very 
probable, and if any of them still exist, — from the 
form and weight of their shells it is seareely possible 
that they should ever be thrown up on the shore, 
and without deep-sea dredging they might remain 
for ever unknown. I merely mention this to show 
that it is by no means safe to base even what little 
argument might rest upon it, upon the absence 
at the present time of all representatives of tlie 
• crctaeeous eephalopodous fauna. 

The gastcropods, with comparatively few excep- 
tions, range from the shore to a depth of 100 to 
200 fathoms, and lamcllibranchs become scarcer at 
a slightly greater depth; while some orders of bra- 
chiopods, erustacea, echinoderms, sponges, and fora- 
minifera, descend in scarcely diminished numbers to 
a depth of 10,000 feet. In fact, the bathymetrical 
range of the various groups in modern seas corre- 
sponds remarkably with their vertical range in 
ancient strata. 

A change in the distribution of sea and land in- 
volving a mere change in the course of an ocean- 
current might modify the conditions of an area for 
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most ccphalopods and all pteropods, heteropods, and 
other surface living animals of high type, even to 
their extinction. By oscillations of 500 feet up or 
down, the great mass of gasteropods, and all reef- 
huilding corals, would ho forced to emigrate, would 
become modified, or would be destroyed, — and another 
liundred fathoms would exterminate the greater num- 
ber of bivalves ; while elevations and depressions to 
ten times that amount might only slightly affect the 
region of braeliiopods, echinoderms, and sponges. 

After a careful consideration of the results of recent 
investigations, we arc strengthened in our confidence 
in the truth of the opinion which we previously held, 
that the various groups of fossils charaeterizing tlie 
tertiary beds of Europe and North America represent 
the constantly altering fauna of the shallower por- 
tions of an ocean whose depths are still occupied by 
a deposit which has l)een accumulating continuously 
from the period of the prc-tertiary chalk, and which 
perpetuates with much modification the prc-tertiary 
chalk fauna. I do not see that this view militates in 
the least against the “ reasoning and classification” of 
that geology which we have learned from Sir Charles 
Lycll ; our dredgings only show that these abysses of 
the ocean — abysses which Sir Charles Lycll admits in 
the passage quoted above, to have outlasted on account 
of their depth a succession of geological epochs — arc 
inhabited by a special deep-sea fauna, possibly as persis- 
tent in its general features as the abysses themselves. 
I have said at the beginning of this chapter, that I 
believe the doctrine of the ‘ continuity of the chalk,’ 
as understood by those who first suggested it, now 
meets with very general acceptance : and in evidence 
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of tliis I will quote two passages in two consecutive 
anniversary addresses by Presidents of tlie Geological 
Society, and we may have every confidence that the 
statements of men of so great weight, made under 
such circumstances, indicate the tendency of sound 
and judicious thought. Professor lluxlcy, in the 
anniversary address for the year 1870, says : — “ Many 
years ago' I ventui’ed to speak of the Atlantic mud 
as ‘ modern chalk,’ and I know of no fact inconsistent 
with the view which Professor Wyvillc Thomson has 
advocated, that the modern chalk is not only the 
lineal descendant, so to speak, of the ancient chalk, 
but that it remains, so to speak, in possession of the 
ancestral estate ; and that from the cretaceous period 
(if not much earlier) to the present day, the deep sea 
has covered a large part of what is noAv the area of 
the Atlantic. But if Globigerina and Terehralula 
caput-serpentis and Beryx, not to mention other 
forms of animals and of plants, thus bridge over the 
interval between the present and the mosozoic 
periods, is it possible that the majority of other 
living things underw’^ent a sea-change into something 
new and strange all at once ?” 

And Mr, Prestwicli, in the presidential address for 
1871, says : — “ Therefore, altliough 1 think it highly 
probable that some considerable portion of the deep 
sea-bed of the mid- Atlantic has continued submerged 
since the period of our chalk, and although the more 
adaptable forms of life may have been transmitted in 
unbroken succession through this channel, the im- 
migrations of other and more recent faunas may 
have so modified the old population, that the original 

^ Saturday Jtcviow, I85S : ‘Mludk, Ancient and IMoJern/’ 
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chalk element is of no more importance than is the 
original British element in our own English people.” 

Mr. Prestwich thus fully admits the high pro- 
bability of the ‘ continuity ’ for which we contend. 
The last question which he raises in the sentence 
quoted is one of enormous difficulty, which we have 
as yet no data to solve. It is perhaps not very much 
harder, however, after all, than the problem in ethno- 
logy which he has selected as an illustration. 

Several other very important questions bearing 
upon the conditions of the ocean at great depths, 
occupied the attention of the naturalists in scientific 
charge of the dredging cruises of the ‘Lightning’ 
and ‘ Porcupine.’ An assistant versed in the methods 
of chemical and physical research accompanied the 
vessel on each occasion. A son of Dr. Carpenter, 
Mr. William Lant Carpenter, B.A., B.Sc., went on 
the first cruise with Mr. Jeffreys. Mr. John Hunter, 
P’.C.S., a promising young chemist, since deceased, 
accompanied me to the Bay of Biscay, and Mr. Her- 
bert Carpenter, a younger son of my colleague, was 
our companion during the third long cruise in the 
Pffiroe channel. 

The specific gravity of the water was taken at 
each station, and in tlie serial soundings the water- 
bottle was let down to the intermediate depths and 
the water carefully tested. The dificrenccs observed 
were very slight, but they were as a rule confirmatory 
of Professor Forschammer’s opinion that Arctic water 
^ntains less salt than the sea-water of temperate 
and intertropical regions. 

As I have already mentioned (i^age 46), organic 
matter in a 2 )preeiable quantity was detected by the 

K K 
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permanganate test everywhere, and at all depths. 
The gas contained in the water was carefully ana- 
lysed, and it was found, as a general result, that 
the amount of free carbon dioxide increased and 
the proportion of oxygen diminished with increased 
depth. 'I'liere seemed to be reason to believe, how- 
ever, that the quantity of carbon dioxide depended 
to a great degree upon the abundance of the higher 
forms of life. Jife. Lont Carpenter used always to 
predict a bad haul for the zoologists when he I'onnd 
the proportion of carbon dioxide to the oxygen and 
nitrogen unusually low. The great increas(! in the 
quantity of carbon dioxide was just above the bottom. 
The general average of thirty analyses of surface- 
water gives the following as the y)roportions of the 
contained gases present ; —Oxygen 251, nitrogen 54‘ 2, 
carbon dioxide 20'7 ; this ju'oportion was subject, 
however, to great variations. Intermediate Avater 
gave an average percentage of oxygen 22'0, nitrogen 
52'8, and carbon dioxide 26’2 ; while bottom-waters 
gave — oxygen 19‘5, nitrogen 62‘6, and carbon dioxide 
27 ’9. But bottom-water, at a comparatively small 
depth, often contained as much carbon dioxide as 
intermediate Avater at much greater depths. In one 
of the serial soundings, in which the water Avas 
taken at every 50 fathoms, three analyses gave the 
foliOAAung singular result : — 


75 (» fallioiii'5. 

Oxygen .... 18'8 

Nitrogen .... 40 

Carbon dioxide . . 31*9 


.S(»o lalhonis. Boltdin, 802 fatlnns. 

17-8 17-2 

u-r> 


.3.‘V7 48%3 


• The greatly increased jDercentage of carbon dioxide 
in the stratum of sea-AA'ator immediately overlying 
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the sea-bed, was here accompanied hy a great abun- 
dance of animal life. 

I can scarcely regret that the space at my disposal 
will not allow me to enter at present into the many 
very important bearings of these physical investiga- 
tions, for I am compelled to admit that I do not 
place thorough confidence in our results. Tlie obser- 
vations and analyses were undoubtedly conducted 
with great care and skill, but the’ difference between 
different samples — in specific gravity, and more espe- 
cially in chemical composition and tlic relative pro- 
portion of the ingredients — is so very slight, that more 
exact methods than those which have been hitherto 
employed will he required to insure accurate results. 

In such investigations evcrytliing depends upon 
the perfection of the menus of bringing up water 
from any given depth ; and tlic principle of the 
construction of the water-bottle used in the ‘ Por- 
cupine ’ was faulty. It consists of a strong tube of 
brass about two feet in length and two inches in 
internal diameter, containing rather more than a 
litre and a lialf, and closed at each end hy a brass 
disk. In the centre of cacii of these disks there 
is a round aperture closed hy a well-ground conical 
valve, both valves o])ening upwards when the instru- 
ment is in position for being let down. 

In passing down through the water, a continuous 
current is supposed to raise the valves and run 
through the bottle, thus keeping it constanfly filled 
with the water of the layer through which it is 
passing. On reversing the motion in hauling up, 
the valves fall into their places, and the contents 
of the tube at the greatest depth are brought to 
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the surface. This bottle appeared to answer fairly, 
and we often had evidence, from its turbidity, that 
bottom-water came up ; but subsequent experiments 
have shown that it cannot be depended upon, and 
some of the reasons arc sufficiently obvious. The 
instrument will not work at all unless the descend- 
ing motion be sufficiently steady and rapid to main- 
tain a current capable of keeping two heavy brass 
valves open to their full extent; if there be the 
slightest reversal, or jerk, or irregularity in hauling 
up, the water is — at all events partially — changed; 
the two valves, even when thoroughly open, are 
directly in the path of the ingress and egress of 
the water — and there is reason to believe that the 
water is not so rapidly and thoroughly changed as 
Ave at first imagined. A perfectly satisfactory water- 
bottle is still a desideratum, but I believe that one 
which was used by Dr. Mayer and Dr. Jacobsen 
in the German North Sea expedition of the past 
summer, goes far to remedy most of these defects. 
I hope we may be in a better position to give an 
opinion a year hence. 

I give, in the appendix to this chapter, an abstract 
of the general results of the chemical investigations 
carried on during the ‘ Torcupine ’ cruises of 1869 ; 
and I add a note, for which I am indebted to ray 
friend Mr. J. Y. Buchanan, who accompanies me as 
chemist to the ‘ Challenger ’ expedition, which will 
show how much has yet to bo done before wo can 
hope to come to any really satisfactory conclusion 
as to the amount and condition of the gases con- 
tained in sea-water. Neither, I regret to say, can 
we place much reliance on the determination of 
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organic matter in sca-water by the permanganate 
method, altliough there is every probability that 
the general result at which we arrived — that organic 
matter is contained in the water of the ocean in 
all localities and at all depths — is substantially true. 
The application of tlie exact methods of modern 
science to this line of inquiry is new, and it will 
require long and patient work to bring it to per- 
fection. The one real advance which has been made 
in this direction is the addition to the appliances for 
the investigation of the physics of the deep sea ; of a 
correct and trustworthy instrument by which ocean 
temperatures can be ascertained to any depth with 
what may be regarded as absolute accuracy for all 
practical purposes. 
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Hinnmanj of the Jit^iults of the Examimilion of Sm/qj/es of Sea- 
Water taken at the Snrfaee and at Vitriuns Depths. ]^y Wm. 
Lxm' CAiirENTEH, J>.A., ]j.Sc. 

Surface-waters. — Care was taken to obtain these samples as 
pure as possible^ and free from any conlamijiation cans(Hl ])y 
matters derived from the vessel, by di])ping them up in eh^an 
vessels at a few im'hes l)elow the surface at or near tlie bow 
of the sliip. In two instauces, however, the samples were taken 
from abaft the paddles. 

■ Waters taken at depths below the surface . — It was found 
desirable to coat the l)rass Water-llottles internally with 
sealing-wax varnish, owing to the corrosive action of the sea- 
water. The apparatus was then found to work pcjrfectly satis- 
factorily in all cases in which there was suilicient weight on the 
sounding-line to which they were attached to keej) the bottles 
perpendicular, or nearly so. When, from the smallness of the 
attached Aveight, or the roughness of the sea, the sounding-line 
was at an acute angle Avith the general level of the sea-surface 
while it was being drawn up, the results of tlui (examination of 
AvaU'r thus o]>lained lundercid it higlily probable tliat some waten* 
at or near the surface had found its Avay into the bottle, and 
tliat its contents Avere not to be relied on as coming from the 
lowest depths. 

AVhcii bottom- Avater Avas obtained from depths bciyond 500 
fatlioms, it Avas almost invariably chaiged with a (juantity of 
very fine mud in suspension, rendering it quite turbid. Many 
hours standing was necessary for the deposit of this ; Imt it Avas 
readily removed by filtration. In no instance was there any 
evidence of Avater from great dejiths being much more highly 
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charged with dissolved gas(\s than surface-waters ; a coiisid(iiable 
elevation of lenipcu’atnre being in all cases necessary for the 
evolution of any dissolved gas. 

Mode of cxaniiniioj ^am'pks . — Tlie samples of water thus 
taken were examined with as little diday as possible, with a 
view to determine : — 

(1) Tluj speeiiie gravity of the water. 

(2) The total (quantity of dissolved gases contained in them, 

and the relative proportions of oxygen, nitrogen, and 
carbonic acid. 

(2) Tlie (luantity of oxygen necessary to oxidize the organic 
inatter contained in the water; distinguishing between 
a, tlie decomposed organic mattm*, and 
h, tlie easily decomposable organ iii matter. 

(1) The speci lie-gravity determinations wej’c made at a tem- 
perature as near bO Fahr. as possible, with delicate glass hy- 
drometers, so graduated that the specilic gravity could be read 
off directly to the fonrih decimal jilaco witJi eiise. 

(2) The ajiparatus for the analysis of the gases dissolved in 
the sea-water was (‘ssentially that desci'ibed by Prof. Jliller 
in th(i second volume of his ‘ Klenumts of (diemistry.’ It was 
found necessary to make several modiiications in it, to adapt it 
to the iiK'itioii of the vessel. These consisted chielly in sus- 
pending much of it from tlie cabin-ceiling, instead of supporting 
it from beneath, and in rendering all the parts less rigid by a 
free use of caoutchouc tubing, &c., the utmost care being taken 
to keep all joints tighl. 

It was found ])ossible to make correct analyses, even when 
the vessel was rolling sulliciently to upset chairs and cabin- 
furniture. 

The method of analysis may be thus summarized: — From 
7(10 to 800 cubic centimelres of the, sample to be examined 
were boiled for about thirty jninutes, in such a way that the 
steam and mixed gases evolved were collected o\'er mercury in 
a small graduated Ilunseai s gas-holder, all access of air being 
carefully guarded against. The mixed gases were then trans- 
ferred to two graduated tubes in a mercurial trough, where the 
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carbonic acid was first absorbed by a strong solution of caustic 
potash; and subsequently the oxygen was absorbed by the 
addition of pyrogallic acid, the remaining gas being assumed to 
be nitrogen. 

The results of the analyses were always corrected to the 
standard temperature of 0° Cent., and to 760 millimetres’ baro- 
metric pressure, for comparison among themselves and with 
others. In nearly every case the duplicate analyses from the 
same gaseous mixture agreed closely, if they were not identical. 

(3) The examination of the sea-water for organic matter was 
made according to the method detailed by Prof. Miller in the 
Journal of the Chemical Society for May 1865, with an addition 
suggested by Dr. Angus Smith. Each sample of water was 
divided into two ; to one of these a little free acid was added, 
and to both an excess of a standard solution of permanganate 
of potash. At the end of three hours the reaction was stopped 
by the addition of iodide of potassium and starch, and the 
oxc(iSS of ])ermanganate estimated by a standard solution of 
hyposul[)hide of soda. The portion to which free acid was added 
gave the oxygen required to oxidize the decomposed and easily 
decomposable organic matter ; the second portion gave the 
oxygen required by the decomposed organic matter alone, which 
was usually from about one-half to one-third of the whole. 

The following is a summary of the total number of obser- 
vations, analyses, &c., made during the three cruises respec- 
tively ; — 



Fii-st 

Second 

Third 

Total. 1 


cruise. 

cruise. 

cru'se. 

Specific-gravity determinations . 

72 

27 

26 

125 ' 

Duplicate gas-analyses .... 

45 

23 

21 

89 

Organic-matter tests ..... 

1.37 

26 

32 

195 1 

1 


’Specific Gramty . — The specific gravity of surface-water was 
found to diminish slightly as land was approached; but the 
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average of thirty-two observations upon water at a sufficient 
distance from land to be unaffected by local disturbances was 
1-02779, the inaxiinuin being 1-0284 and the minimum 1*0270. 

It was almost always noticed that, during a high wind, the 
specific gravity of surfixcc- water was above the average. 

The average of thirty observations upon the specific gravity 
of intermediate water was 1-0275, the maximum being 1*0281 
and the minimum 1-0272. 

The specific gravity of bottom-waters at depths varying from 
77 to 2,090 fathoms, deduced from an average of forty-three 
observations, was 1*0277, the maximum being 1*0283 and the 
minimum 1*0267. 

It will be noticed that the average specific gravity of bottom- 
w^ater is slightly less than that of surface-water. In several 
instances the specific gravities of surfae-e- and of bottom-waters 
taken at the same place having been compared, that of the 
l)ottom-watcr was found to be appreciably less than that of 
the surface-water. Thus — 


At 1,425 fathoms’ doptli (Station 17 ) it was . . 1*0260 
Surface at the same 1*0280 

And 

At G 64 fathoms’ depth (Station 26 h) it was . . r 0272 
Surface at the same .1 ’0280 


According, however, to a series of observations made at the 
same spot (Station 42) at intervals of fifty fathoms, from 50 to 
800, the specific gravity increased with the depth from 1*0272 
at 50 fathoms to 1*0277 at 800 fathoms. 

Several series of specific-gravity observations were made near 
the mouths of rivers and streams ; showing the gradual mixture 
of fresh and salt water, and the floating of lighter portions above 
the denser sea- water, as well as the reverse eflect produced by 
the influence of tidal currents. Thus outside Belfast Lough a 
rapid stream of water of specific gravity 10270 was found above 
water which, at a depth of seventy-three fathoms, had a specific 
gravity of 1*0265. 

Gases of Sea-water.— The analyses of the gaseous constituents 
of sea-water may be divided into two groups : (1) Analyses of 
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surlace-waters. (!^) Analyses of wat(;i*s below the surface ; •and 
tJu^se last may Ixi a^aiii subdivided into (a) intermediate, and 
{h) bottom-waters. 

The total (quantity of dissolved <;ases in sea-water, wliether 
at thii surface or below it, was found to average about 2 8 
volumes in 1.00 volumes of water. 

The av('rage of thirty analyses of surface-waters made during 
the ex])edition gave the following proportions : — 




rmiiortion. 

Oxygen . . . . 

. 25*0 K) 

TOO 

Nitrogen . . . 

. 54*211 

210 

( tirbonic acid . . 

. 20*74:5 

(SO 


100*000 



Tiiese were tlnis distribut(‘d over tin; tln*(‘e ei'uises, and (lu! 
maxima and minima of (nu^Ii constitiumt ar(‘ thus shown : — 



A\ jior- I 

' jiroport joii. 


I OKyj^cii. 


Nilrogf-ii. 


Carbonic 

acid. 



.= %'■ Oxv- 
1 Ken. 


0. , 

1 i 
! 

i"”! 

I N i 
1 1 

cent. 

Ulm. ! .IJiiv. 
])er 1 per 
ceiil. ' cent. 

Mill. 
].cr 
('cni . 

.M;i\. 

])cr 

cent 

Min 

])er 

cent. 

! 

P'irst Cruisf* . 

1(» ' ti4-47 

5205 ; 22 -.'hS 1 100 

210 

[)•> . 28-78 ' 

10 00 ' 02 iO 

: 40-25 

2-2 0 

12 7-2 

Second Cruise 

2 i :u-:-5:j , 

54-8.5 j 12-82 

1 100 

17.') 

44 j 27 -10 

25 ‘SO .50 00 

50 07 2127 

8-27 

Tldrd Cruise . 

y j 24-80 ^ 

5(V73 j 18-41 

i 100 

1 

228 ' 

74 j45 28 

12-OS j (•,8-07 

11 1-2 -27-11 

5 1 


It is interesting to remark that surface-water contains a 
greater (piantity of oxygxm and a less (pianlity of ca]‘boni(j ac'id 
during tlu' ])revaleiu:e of strong wind. The following is an 
average of live analyses nuuhi under such conditions : — 


Oxygen . . . 

Ter cent. 

. 2 :)'io 

l*n)|H»rlioii. 

100 

(li'iici'.il a\ci 

25 *0 a; 

-.IK'' 

100 

Nitrogen . . 

. 52*(S7 

182 

54-211 

210 

(\-U‘bonic acid . 

is-oa 

02 

20-74:1 

8:i 


Tn the two cases which ])res(‘.nt(*.d the remarkable small 
laininia of carbonic acid with a great excess of oxygen, the 
\vat(‘r bad been accidtmlally taken from imnu'diidely abalt 
the ])addles, where it had been subject to violent agitation 
in contact with air. 
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Of water (it various depLlis Leneatli tlio surface, fifty-iiiiu* 
aiialysiis were made. Those in tin; first cruise, tw(‘uty-six 
ill iiumhcr, were cliitdly from l)ottom-wat(‘r at depths from 
25 to l,47r) lathoms. In the second cruise the tvventy-om^ 
analyses cliielly belou^^ed to two series, — tlie first of sam})les 
taken at intervals of' 250 fathoms, from 2,000 to 250 fatlioms 
inclusive ; and tlui second of samph's taken at intervals 
of fifty fathoms from (S(i2 to 400 fathoms inclusive. In the 
third cruise twelve analyses were made, — ei^ht of bottom-water, 
of which oiie-ludf were in the “cold area,’’ and four at inter- 
mediate depths. 

The general average of the fifty-nine analyses of water taken 
below the surface gives: — 




Pri >jii)rti()U. 

Oxygen . . . . 

:2(rr)(.)S 

100 

TS’ iti'ogcn . . . 

. r):3-L>lo 

254 

( biheiiic acid . . 


j;i2 


loo-ouo 



It will be seen from this that whili‘ the (plant ity of nitrogxai 
is only 1‘07 per cent, less than in surface-wati-r, the (plant ity of 
oxygen is diminisluHl by 4*48 ])er cent., and th(‘. ([uantity of 
carbonic acid increased by (f45 ])er cent. This difference is 
greater if bottom-waters only are compared with surfaei 3 -w'aters. 


Surface. i i'l fiitoriiicdiate. 3.'> Ilottoiu. 



Ter cent. Prunortion 

■ 1 

r«T cent. 

l'rop(»ili(i!i 

I’cr cent. 

I'l-opor- 

tion. 

Oxygon , . . 

2") -05 ; mil 

22'oa 

loo 

L!)-5;i 

100 

Nitrogen . . . 

.'■)4'21 : 2J(! 

51 82 

2:i5 

52r»0 

2()1 

Cturbonic acid . 

2(1-74 1 83 I 

2(;-15 

11!) j 

27 -ST 

, I4;i 


lOO-OO i 

1()0*()() 


iOO-00 


The two series of analyses. 

before 

relerrt'd 

to, performed 


during the second cruise upon intermediate watms at successive 
depths over the same s])ot, both show a regular increase of the 
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carbonic acid and diniimition of tlic oxygen, as the depth 
increases, tlic percentage of nitrogcni varying but slightly. 

These general results appear to show that the oxygen dimi- 
nishes and tlie carbonic acid increases with tlie depth until the 
bottom is reached ; but that at tlie bottom, whatever tlie depth 
from tlui surface, tlie proportions of carbonic acid and of oxygen 
do not conform to this law% bottom-water at a comparatively 
small depth often containing as much carbonic acid and as little 
oxygen as intermediate water at a greater depth. No instance 
oc(uirred during the first two cruises in which (where samples 
of surface- and intermediate or bottom- waters were taken at the 
same place) the quantity of carbonic acid was less and of 
oxygen greater than at the surface ; the only exception occurred 
in the third cruise, at a place where, it is believed, currents of 
water were meeting. 

It was frequently noticed that a large percentage of carbonic 
acid in bottom-water was accompanied by an abundance of 
animal life, as shown by the dredge; and that where the dredge- 
results were barren, the quantity of carbonic acid was much 
smaller. The greatest percentage of carbonic acid ever found 
was accompanied by an abundance of life; while at a short 
distance (62 fathoms) above the bottom, the proportion of car- 
bonic acid was conformable to the law of variation with depth 
b(Tore referred to : — 


Oxygen . . . 

Nitrogen . . . 

(kirbonic acid 

Bottom, sr*2 fins. 

. . 17*22 

. . :u*50 

. . 4R-28 

800 fins. 

17*70 

4R-4(i 

33*75 

750 fins. 

18*70 

4.0*32 

31*92 


100-00 

lOO'OO 

100*00 


The lowest percentage of carbonic acid (7*03) ever found in 
bottom-water, occurring at a depth of 362 fathoms, was ac- 
companied by a “ very bad haul.” 

In crossing the wide channel from the north-west of Ireland 
towards Eockall, where the water for some distance is over 
1,000 fathoms depth, so that the other circumstances varied very 
little, if at all, the proportion of carbonic acid appeared to vary 
with the dredge-results ; so that the analyst ventured to predict 
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wlietlier the collection would he good or not before the dredge 
came to the surface — drawing his inference from the results of 
his analyses of the gases of tlie bottom-water. In each case 
his prediction was justified by the result. 



Si’ATIOT^ 17. 

Station 10. 

Station 20. 

Station 2L 


l,i‘>5 fllH. 

1,300 fms. 

1,1 13 fills. 

1,470 fins. 

Oxygen . . . 

10*14 

17*02 

21*34 

16*68 

Nitrogen . . 

. 48*78 

45*88 

47*51 

43*46 

Carbonic acid , 

. 35*07 

36*20 

31*15 

39*86 


100*00 

lOO-OO 

100*00 

100*00 


Good haul. 

Good liaiil. 

T3ad haul. 

Good haul. 


In tlie analyses made of the water in the cold area, and 
generally in tlie third cruise, there appears, as might be 
expected from the various currents, &c., n greater variation in 
the results than in the other series. In the bottom- and inter- 
mediate waters the nitrogen appears to be rather in excess of 
the average, and the carbonic acid lias a l.arge range of varia- 
tion— from 7*58 ])er cent, at Station 47 (540 fathoms, tenij). 
4,‘r-8) to 45*79 per cent, at Station 52 (384 fathoms, 30'’'G 
Fahr.). The average of the surface-waters is much the same as 
in the other parts of the cruise. 

It may be worth notice that in localities where the greatest 
depths did not exceed 150 fathoms, the results of the gas-analysis 
of bottom- and surface-water were frequently so nearly the same, 
whatever the amount of animal life on the bottom, as to lead 
to the supposition that there might be at that limit a sufticient 
circulation, either of the particles of the water itself or of the 
gases dissolved in it, to keep the gaseous constitution alike 
throughout. The coincidence of this depth with the extreme 
dejith at which fish are usually found to exist in these seas is 
suggestive. 

Organic matter , — With a view to test the method of analysis 
by permanganate of potash, two or three series of analyses wen? 
made where fresh and salt water mixed together, as in Killibegs 
Harbour, Donegal Bay, &c.; and the results in all cases justified 
the expectation formed, that the amount of permanganate was 
an index of the comparative purity of the water, both as regards 
the “ decomposed and the ‘‘ decomposable organic matter. 
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Disregarding the above series, a total of KU experiments were 
made upon sea-water, which may he tlnis divided: — 

r)() upon suiTacc-watcr, 

IB „ intonuc(liat(^ water, 

C)0 „ bottom-water, 

134 


diiriim tlic first and third cruises. 

<3 

The results are given in the ([Uantity of oxygen in fractions 
of a grainiiie required to oxidize the organic, matter in a litre of 
water. 

Average of 5G analyses of surface-water : — 


No. 

28. Decomposed . . 

28. Deciomposablo . 


()-o()02r, I o-()()Oi»ri. 
O*00()70 ) 


Decomposed . 
Decomposable 


Total 


MaxiDium. 

O*O0()l)4 

()-()0100 

()'(i()iy4 


Miniiiiuiii 

O'OOOOO 

o-ooooo 

0*00000 


4 eases. 
I ease. 

I case. 


Average of DS analyses of intermediate water : — 

No. 

i). Deconiposod . . . O'OOOO.'-, ) 

9. Decomposable . . 0*00034 ) 

Tn 7 out of 9 there was no ‘Dlecomposed ” organic matter; 
and in 3 out of 9 there was no organic matter at all, as indi- 
cated by this tost. 

Tn this series the analyses of the ohscuvations made during 
the second cruise are not included, as the calculations have 
been differently made. 

Average of GO analyses of bottom- water : — 

No. 

26. Decomposed . . \ 

34. Decomposable . . 0*00041 ) 

Maxinmin. Minimum. 

Decomposed . . . 0*00105 ' 0*00000 | 2 cmsos. 

Decomposable . . 0*00148 j 0*00000 ' I case. 

Total . . . 0*00253 I n*00(Hi0 ; I case'. 
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These figures appear to show (1) that intermediate waters are 
more free Irom orgaiiie contamination than either surface- or 
bottom-waters, as might be expended from the comparative 
absence of animal life in tliose waters; (2) that tlie total absenci^ 
of organic*, matter is least frocpient in bottom-waltu’S, and most 
frecpient in intermediate watcu-s^ surtace- waters occupying a 
middle place in this respect; and (3) that there is not much 
dilference betw(*eu bottom- and surface-waters, (uilier in Ukj 
total quantity of organic contamination or in the relative ])ro- 
])orlions of the decon)])()sed ” and “easily deconqiosalile ’’ 
organic matter. 

It may bo worth notice that when the bottom-water from 
gr(*.at depths was muddy, tests inadci bedbre and after hltration 
showed that some of the organic matter was removed by ibis 
operation. 


APPENDIX P>. 


/oAS7///,s ({f fhc Ann I uses of Eitjht Samples of tied -Whales col- 
leeft'd diirlnfj flic Third Cruise of the ' ]\nroplne,' Jiy Dr. 
Fkanki.and, F.Iv.S. 


KoYAL (bLLKOK OF (dlKMISTRY, 

Non III her lOthj 18GU. 

JtUAR Du. CAurPJNTEH, — TTorewith I enclose results of analyses 
of the sam])]es of sea-water collected during your recent cruise 
ill the ‘ Porcupine.’ 

1 shall not attempt to draw any general conclusions from these 
results; your own intimate knowledge of the circumstances 
under which the different samples were collected will enable you 
to do this much bettel^thaii I. 

There is, however, one point which is highly remarkable, and 
to which 1 would draw your attention; it is tlie large amount of 
very highly iiitrogenized organic matter contained in most of 
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the samples^ as shown of the determinations of organic 
carbon and organic nitrogen, and the proportion of organic 
carbon to organic nitrogen. For the purposes of comparison, T 
have appended the results of analyses of Thames-water and ot 
the water of Loch Katrine, the former representing probably 
about a fair average of the proportion of organic nitrogen 
reaching the sea in the rivers of this country, but being pre- 
sumably considerably greater than that contributed by rivers in 
other parts of the world. If this be so, it follows cither that 
soluble nitrogenous organic matter is being generated from inor- 
ganic materials in the sea, or that this matter is undergoing con- 
centration by the evaporation of the ocean, — the rivers and 
streams continually furnishing additional quantities whilst the 
water evaporated takes none away. 

The amounts of carbonate of lime given in the table are 
obtained by adding the number 3 (representing the solubility 
of carbonate of lime in pure water) to the temporary hardness 
which denotes the carbonate of lime thrown down on boiling. 
As the determination of temporary hardness in water containing 
so much saline matter is not very accurate, tlie numbers in the 
columns headed * Temporary Hardness ^ and ‘ Carbonate of Lime ' 
must only be regarded as rough approximations to the truth ; 
moreover, a small proportion of carbonate of magnesia is mixed' 
with the carbonate of lime and estimated with it. 

In all their peculiar features these analytical results agree 
with those which I have previously obtained from numerous 
samples of sea-water collected by myself off Worthing and 
Hastings. 

Yours very truly, 

E. Fkankland. 



Besults of Analysis expressed in Grammes per 100,000 Cubic Centimetres of Water. 
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APPENDIX C. 


Notes on Siiecimcns of the Bottom colie vied during the First 
Cruise of the ' Forciqnoc ’ in I86i). I>y David Fouuks, F.ll.S. 

Atlantic Mud contained in a small Lottie marked ‘ Soundings, 
No. 20, 1,442 fathoms.’ 

A complete analysis of this sample shows its chemical com- 
position to he as follows : — 


( Wbonate of lime oO’i^ 

Alnniina ^ (‘ soluble in acids ’) I'S.’i 

Sesquioxide of iron (‘ soluble in acids j . . . ii'\7 

Silica (in a solii])le condition) b’Od 

Fine insoluble gritly sand (rock dchrix) . . . 'HVll 

Water 2-‘)0 

Organic matter 4’1!) 

Chloride of sodium and other soluble Nalts . . 7‘ IS 


lOO-OO 

If we compare the chemical composition as above with tliat 
of ordinaiy chalk, which consists all but entirely of carbonate 
of lime, and seldom contains more than from 2 to 4 per cent, 
of foreign matter (clay, silica, &c.), it will be seen that it differs 
chietiy in containing so very large an amount of rock-matter 
ill a fine state of division. If we subtract tlio water, organic 
matter, and marine salts, which would probably in greatest 
part be removed before such mud could in process of ages be 
converted into solid rock, even then the amount of carbonate 
of lime or pure chalk would not be more than at highest some 
GO per cent, of the mass. 

As such deposits must naturally be expected to vary greatly 
in mechanical character and chemical composition, it would be 

^ With phosphoric arid. 
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premature to generalize as to the actual nature of the deposits 
now in course of formation in the dept! is of tlic Atlantic, before 
a careful examination had been made of a series of such speci- 
mens from ditferent bDcalities. Tlie soluble silica is i)riucipally 
from silicious oi'ganisms. 

As regards the probable origin of the pelibles and gravel 
found in the various dredgings, it will be at once s(^en, from 
the description, that they consist principally of IVagments of 
volcanic rocks and crystalline schists. The foriiKU’ of tliesci have 
in all probability come from Iceland or Jan Alayeii; whilst the 
latter, associated as they are with small fragments of grey and 
somewhat altered calcareous rock, would a])]>ear to have jiro- 
ceeded from the north-west coast of Ireland, where the rocks 
are quite identical in mineral character. The north of Scotland 
and its islands also contain similar rocks; but, without being 
at all positive on this head, 1 am rather incliiKnl to the opinion 
that they have been derived from Ireland, and not necessai’ily 
connected with any glacial phenomena, believing that their 
presence may be accounted lor by the ordinary action of marine 
currents. 


Pebbles euom 1,215 Fathoims (Statiois 28). 

The stones were all subangular, the edges being all more 
or less worn or altogether rounded olf. The specinnms woie 
tliirty-eiglit in number^ and, upon examination, were found to 
consist of — 

5 Hornblende schist ; the largest of these (whicdi also was the 
largest in size of the entire series) weighed 421 grains (J 
of an ounce), was cxiienicly compact, and was composed 
of black hornblende, dirty-coloured quartz, and some 
garnet. 

2 Mica schist; quartz with mica, the largest weighing 20 
grains. 

5 Grey pretty compact limestone, the largest being 7 grains 
ill weight. 

2 Fragments (showing the cleavage faces rounded off on 
edges) of orthoclase (potash felspar), evidently derived 

h L 2 
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from granite ; tlie largest of tlie two fragments weighed 
15 grains. 

5 Quartz, milky in colour or colourless ; the largest of these 
weighed 90| grains, and showed evidence of having been 
derived from the quartz- veins so common in clay-slate. 

19 Fragments of true volcanic lava, most of wliicli were very 
— light and scoriaceous (vesicular), although some small 
ones were compact and crystalline ; and in these the 
minerals augite, olivine, and glassy felspar (Sanadine) 
could be distinctly recognized. Among these were frag- 
ments of trachytic, trachydoleritic, and pyroxenic 
(basaltic) lavas, quite similar to those of Iceland or Jan 
Mayen of the present period, from which they had 
probably been derived. 

Gkavel from 1,443 Fathoms (Station 20). 

This sample of gravel consisted of 718 subangular fragments, 
in general not above from ^ to J grain in weight, with occasion- 
ally some of a little greater size ; but the most considerable of 
all (a fragment of mica schist) only weighed 3 grains. Tliey 
consisted of : — 

3 Fragments of orthoclase felspar. 

4 Bituminous or carbonaceous shale (? if not accidental). 

5 Fragments of shell (undistinguishable species). 

4 Granite, containing quartz, orthoclase, and muscovite. 

16 Grey compact limestone. 

69 Quartzose mica schist. 

317 Hornblende schist; sometimes containing garnets. 

273 Quartzite fragments, with a very few fragments of clear 
quartz. The majority of the pieces being of a dirty 
colour, often cemented together, were evidently the 
debris of quartzite rocks or beds of indurated sandstone, 
and not from granite. 

28 Black compact rock, containing augite, most probably a 
— Volcanic basalt. 


718 
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From 1,203 Fathoms (Station 22). 

A single rounded pebble, weighing 18 grains, chiefly (piariz, 
with a little of a black mineral hornblende or tourmaline, prob- 
ably from a metamorphic schist. 

Gravel from 1,366 Fathoms (Station 19^0- 

Consisted of 51 small subangular pieces of rock, all less than 
^ grain in weight, excepting only one fragment angular) of 
quartz, which weighed 2 grains ; they consisted of — 

19 Fragments of quartz, all of wliicli appeared to have pro- 
ceeded from tlie disintegration of crystalline schists, and 
not from granite. 

9 Hornblende schist, 

8 Mica schist. 

7 Loose, dirty-white tufaceous limestone. 

3 Small fragments of augite or tourmaline (? which). 

1 Fragment of quartz, with tourmaline. 

4 Fragments of indistinct and uncertain character. 

51 

Gravel from 1,476 Fathoms (Station 21 ). 

Six small subangular fragments, the largest of which did not 
exceed two grains in weight; they were respectively — 

1 Yellow quartz 
1 Quartzose chlorite schist. 

3 Mica schist. 

1 Small fragment, apparently of volcanic lava. 


6 

The specimen from Kockall is not a fragment of any normal 
rock, but is only a brecciaform aggregate, principally consisting 
of quartz, felspar, and crystals of green hornblende, held to- 
gether by a silicious cement. It has evidently been broken 
from the projecting edge of a fault or vein fissure ; and although 
it cannot settle the matter definitely as to what rocks this islet 
may really be composed of, it would indicate that it most 
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probably is a mass of hornblendic gneiss or schist, and certainly 
not of true volcanic origin. I may mention that it does not at 
all resemble any of tlie fragments found in the deep-sea dredgings 
which I have as yet examined. 


APPENDIX D. 


Note on the Carbonic Acid contained in Sea-Water, By JoHN 
Young Buchanan, M.A., Chemist to the 'Challenger' 
Expedition. 

At a meeting^ of the Chemical Society last summer. Dr. 
Himly mentioned that Dr. Jacobsen, of Kiel, had found that 
carbonic acid is only very imperfectly separated from sea-water 
by boiling in mono. This was confirmed by Dr. Jacobsen him- 
self in a letter to Nature of August 8, 1872. Almost at the 
very same time the German Nortli Sea Expedition arrived in 
Leith, when I had the privilege of hearing the confirmation of 
it from his own mouth, as well as his conjecture that it was 
probably owing to the presence of salts with water of hal- 
liydration, such as sulphate of magnesia, that the carbonic acid 
was retained with such vigour. 

Having assured myself by experiment that, as a matter of 
fact, carbonic acid is retained by sea-water with considerable 
energy, the last traces of it having scarcely disappeared before 
the contents of the retort were reduced to dryness, I set on foot 
a series of analytical experiments, so as to determine which of 
the salts it was, whose presence was the cause of the anomaly 
ill question. The result of these experiments was shortly this : 
Distilled water, solution of chloride of sodium and solution 
of chloride of magnesium, each saturated with carbonic acid, 
behaved on distillation alike, giving off the whole of their car- 
bonic acid in the first eighth of the distillate. Solutions, how- 
ever, of sulphate of magnesia and of sulphate of lime behaved like 

^ Chemical Society Journal, lH7:i, p. 455. 
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the others at hrst, i>iviiig oft' the surplus carbonic acid dissolved 
ill the first eighth of the distillate. The aniouiit of carliouic acid 
coming off then fell very low, gradually increasing, however, 
until a half had been distilled over, when tlie amount coming 
off again reached a maximum, the quantity tlien diminishing, 
but rarely entirely disappearing as the contents of the retort 
approached dryness. It is clear, then, that in tlie sulphates of 
magnesia and lime we have an agent capable of retaining car- 
bonic acid in the way in which we see it in sea-water; whether 
there may be other agents present, ca])able of doing the same 
work, will be brought to light when the subject has been more 
fully investigated. An independent set of experiments were 
made on the variation with pressure of the coefticient of ab- 
sorption for carbonic acid of a solution containing 1*23 per ecu it. 
of crystallized sulphate of magnesia, kept at a constant tem- 
perature of 11° 0. The result was, that at GIO mm. ])ressure tli(‘. 
sulphate of magnesia solution dissolved sensibly the same quan- 
tity of carbonic acid as the same volume of water would have 
done ; in other words, their coefficients of al)sorption were iden- 
tical. Below ()10 mm. that of the saline solution was tlie greater ; 
aliove GIO mm. the reverse was the case. The curve, however, 
is not a straight line, and it appears to cut that of water again 
at a pressure of about 800 mm. 

The facts above related naturally suggest to the chemist the 
qiiCvStion, what is the body formed when sulphate of magnesia 
and carbonic acid meet each other in solution ? 

It is clear that, besides the carbonic acid dissolved, there is 
some retained by a stronger bond, and which is only liberated 
when the concentration has proceeded a certain distan(*e. Is 
the decomposition caused by the loss of water, or by the rise of 
boiling-point i The difference between the boiling-points of the 
solution, when it has just ceased to give off the merely dissolved 
carbonic acid, and when the retained gas is being given off in 
greatest quantity, does not exceed 1° C. ; and it is difficult to 
believe that the compound should remain practically intact at 
lOr and decompose rapidly at 102°. Again, if the compound 
is decomposed by the water alone, we should expect, that the 
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more dilute the solution, the easier would he the decomposition. 
Adoptin^f Erlenineyer’s view of the position of the halhydration 
water in sulphate of magnesia (HO — Mg — 0 — SO 2 — OH), we 
might suppose the carbonic acid simply to replace the molecule 

of water, tlius — would be contrary to 

all analogy for such a body to be more stable in dilute than 
in moderately concentrated solutions of the same temperature. 
If, on the other hand, we suppose the COg to interpose itself 
between the IVIg and the basic 110, we have a body of this form ; 
HO — CO — 0 — Mg — 0 — SO 2 — OH. It is conceivable that 
such a body would in the process of concentration become dehy- 
drated, when the anhydrous salt Mg <(^q ~ would be 

Ibrmed, which would then split up intoCOg and MgSO^. Assuming 
now that the body Ibrmed has this constitution, it is evident that, 
for a given mixture of sulphate of magnesia, water and carbonic 
acid, the amount ot the above body formed will be a function 
of the temperature, the ])ressurc and the duration of their 
action upon one another. Now, at great de])ths in the sea, 
where atmospheric inlluences are insensible, tliese conditions are 
most completely fuliilled. The temperature is low, the pressure 
high, and the time practically unlimited. Sea- water contains on an 
average about two grammes of crystallized sulphate of magnesia 
in the litre ; and if the reaction were complete, the two grammes 
of sul])hate of magnesia, or one litre of sea-water, would absorb 
IS 14 cubic centimetres of carbonic acid. Supposing only one- 
fiflli part of the suljdiate of magnesia to be thus saturated 
with carbonic acid, we have provision in one litre of sea- 
water for the renuoval of over 3G cubic centimetres of car- 
bonic acid. We have thus in the sulphates (for the lime-salt 
appears to act even more energetically) an agent which in 
the ocean depths ])erforms one of the two important functions 
of plants in shallow waters and in the air, namely, the removal 
of the carbonic acid eliminated by the animals ; the task of 
reidcnishing the oxygen sui)ply is accomplished by the system 
of ocean circulation. Moreover, it would be difficult to (‘.onceive 
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circumstances more favourable to tlic formation of tliis body than 
those which exist at the bottom of the ocean. Tlie tem])erature 
is generally little over that of melting ice ; tlie pressure often 
exceeds several hundred atmospheres; whilst the carbonic acid, 
being produced gradually, and coming in datu nasccndis in con- 
tact with the saline solution, is in the condition most favourable 
for easily entering into chemical combination. 

The amount of this salt formed depending on the pressure, it 
is evident that, on bringing up a sample of water from a great 
depth, a part of the carbonic acid, which was bound before, will 
become free under the atmospheric pressure ; and, moreover, as 
the amount decomposed varies with the time, it is evident that 
the amount of free carbonic acid, obtained by boiling in vacuo, 
will vary with the depths from which the sample was obtained, 
with the time it stands before boiling, with the temperature to 
which it is exposed during boiling, and witli the duration of that 
operation. Hence it is easy to sec how, assuming the body 
above mentioned to have been formed, Dr. Jacobson found that 
the quantity of carbonic acid obtained by boiling in vacuo was 
no measure of the amount actually present, and that even 
I)ortions of the same sample gave discordant results. 

It will be seen from the above remarks that solutions of car- 
bonic acid in sea-water and in blood resemble each other in 
almost every particular ; only in the latter the retaining body is 
phosphate of soda, whilst in the former it is sulphate of mag- 
nesia, botli of whicli contain constitutional water. Tlie physical 
conditions, under whicli carbonic acid is eliminated from the 
blood and from sea-water, are also very similar. 

In the investigation of the behaviour of carbonic acid and 
of other gases to saline solutions, there is a practically unlimited 
held for useful research. The determination of the absoi’iition 
coefficients of sulphate of magnesia solution for carbonic acid 
alone, under varying conditions of temperature, pressure, con- 
centration, and duration of action, would afford interesting and 
prohtable occujiatioii for more than one chemist. 
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Asterophi/tnii Hnkil, 19. 

Astroi'hiza limicohi, 7*5. 

Atavism, 9, 

Atreiia gnomon, 90. 

B. 

Pacho, Profe.ssor A. D., Superintentlent 
U.S. Coast S\irvey, on the Gulf-stream, 
386. ^ 

liathybius kaeckelii, 412. 

liatlu/crinus gracilis, 460, 453. 

Jhilkgptilum. carpt7iicri, 77. 

Berrjunan, Lieutenant, U.S.N,, deep-sea 
sounding.s in the U.S. brig ‘Dolphin,’ 
227-229. 

Boeage, Professor Barboza du. Director 
of the Nat. Hist. Museum, Lisbon. 
275 ; on llgalom ma, 425. 

Bowerbaiik, Dr,, F.R.S., on IJgaloiama, 
425. 


Brandt, Dr., on Hgaloiinna, 423. 

Jirisinga coronata, 67, 118; li. endtca- 
cnenioSy 66, 99, 118 ; deseription of, by 
Ab.sjdrn.sen, 1‘. Chr., 68. 

lirissopsls Igrifcra, 118, 4,57, 4.59. 

Brooke,.!. M., U.S.N., sounding appu 
ratus, 21, 211, 21.3. 

Browning, rdeutenant, 83. 

/i ncci n opsis si r ia la, 401. 

Buclmnan, John Young, M.A., on the 
Carbonic Acid contained in Sea-water, 
518, 521. 

Buff, Professor Henry, on ocean cur- 
rents, 368; on the Gulf-stream, 389. 


C. 

Calvcr, Captain, skill in conducting 
dredging oj)erations, 83 ; serial sound- 
ings, 309. 

Calrtria /<t/slri.r, 156, 459; C. fenesfrata, 
159, 182, 459. 

Caprdla spinosissima, 126. 

Carpenter, Dr. William B., F.K.S., 3; 
Preliminary Report of the Dredging 
Operations in tlio ‘ Lightning,’ 133 ; 
Teinjteraturo Observations in tl)e Me- 
diteiT.ancan, 326 ; Theory of Ocean 
Currents, 368, 309 ; Observations «m 
the currents in the Strait of Gibraltar, 
373 ; on the Gulf-stream, 390. 

Carpenter, W. Laid, B.A., B.Sc., 85; 
Analysis of Sea- water, 498, .502-511. 

Cartfop/igllia borealis, 27, 431. 

(Watocgatliiis ornalns, 431. 

Cerifkinni granosam, 403. 

Chalk, 409 ; analysts of, PJO. 

Chimino, W., Commander R.N,, 230 ; 
tcinpcratui’es of the Atlantic, 359. 

Chuaniles, 494, 

CItondrocladia rirgata, 187. 

('idaris pnpdloia, 70; V. Inislrix, 116, 
193, 459; C. ajjtnis, 193, 457, 459. 

i'Uulorhiza abyssirohi, 112 . 

Coceoliths, 413. 

Coccospheres, 41 1. 

(.'celnspherra inhipr, 485. 
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Coralline Zone, 16. 

Criiioidea, 434. 

Croll, James, on ocean currents, 376, 
381. 

D. 

Dacrydium vitrenvi, 465. 

Darwin, Charles, M.A., F.R.S., ‘ Ori^^in 
of Species,’ 8. 

D’Aubuisson, on deep-sea temperatures, 
360. 

Davis, Captain, R.N., testing thermo- 
meters, 200, 295. 

Dayman, Joseph, Commander R.N., 
23, 229, 302 ; temperatures of the 
Atlantic, 359. 

Deep-sea Sounding, 205 ; cup-lead, 210 ; 
Brooke’s deep-sea sounding apparatus, 
211, 213; the 'Bulldog .sounding- 
machine, 215 ; the ‘Fitzgerald* sound- 
ing-machine, 217 ; the ‘ liydra * .sound- 
ing-macliino, 218 ; donkey-engine, 221 ; 
derricks, 221 ; the ‘ accumulator,* 
222 ; observed rate of descent of the 
sounding instrument, 223 ; Massey’s 
sounding-machine, 225. 

Deep-sea Temperature, doctrine of, 35 ; 
distribution of heat in the sea, 36 ; 
cold wall, 37 ; minimum temperature 
of the sea, 38 ; proximity of warm 
and cold areas, 131 ; great uniformity 
of temperature at all depths in the 
Mediterranean, 191, 286 ; serial 

soundings for temperature, 309-325. 

Depth of the Sea, 1 ; first successful 
dredgings at great depths, 3 ; animal 
forms found at depths of from 70 to 
1,200 fathom.s, 27 ; animal life abundant 
at the bottom of the sea, 31 ; average 
depth of the sea, 31 ; absolute stillness 
at great depths, 37 ; penetration of 
light, 45 ; abundance of the genera 
Astroperten and Archaster , 121. 

Despretz, M., researches on tho maxi- 
mum density of saline solutions, 35 ; 
temperature of greatest density of sea- 
water, 307. 

iJori/iichiis thomonif 174. 

Dredging Apparatus: Muller’s dredge, 
239 ; Ball’s dredge, 240 ; dee])-sea 
dredges, 246 ; derrick, 247 ; accumu- 
lator, 247 ; Aunt Sallies, 249 ; dredge- 
rope, 249 ; dredging in shallow water, 
244, 245 ; dredging in deep w'ater, 
253 ; hempen tangles, 256, 257 ; enipty- 
ing the dredge, 259 ; dredging- sieves, 
261 ). 

Dredging Committee, membe?*s of, 265 ; 
Belfast Dredging Committee. 266. 

Dredging Operations, on tho coast of Ire- 
land, 266 ; of Englan<l, 266 ; of Shet- 
land and the Hebrides, 266 ; of J*or- 
tugal and tho Mediterranean, 267 ; of 
the North-east Atlantic, 267 ; of Nor- 
way, Sweden, and Denmark, 268 ; of 


tho Adriatic, 268 ; of Algeria, 268 ; 
Spitzbergen, 269 ; Malta, 270 ; Finland 
and Loflbten Islands, 270 : United 
States, 277. 

Dredging Paper, 281. 

Duncan, Professor P. Martin, F.R.S., on 
deep-sea corals, 431. 

E. 

Kchinocucmiis typica^ 125, 175 ; Ecldno- 
cyamiis anyulatvs, 117, 459; Echino- 
thuridic, wide distribution of, 171 ; 
Echinus eleganSf 76, 459 ; E. escu- 
lentus, 458 ; E, jlemingiiy 116, 458 ; E. 
inelo, 459 ; E. microstoma, 171, 459 ; 
E. norvegicus, 76, 116, 459 ; E. rari- 
spifia, 469 ; E. rarituherciUatus^ 116. 

Etimsa granulata, 176. 

Euj)lecielhi, 73. 

Eiisirus cuspidatus, 125, 126. 

Evolution, doctrine of, 9. 

F. 

Findlay, A. G., on the Gulf-stream, 390. 

Fishes, new species of, 130. 

Flahelluni distiinium, 432. 

Florida, fiiuna of tho Strait of, 171. 

Foraminifera, 115, 166, 415, 478. 

Forbes, David, F.R.S., analysis of tho 
white chalk of Shoreham, 469 ; of the 
Folkestone grey chalk, 469 ; on .speci- 
mens of Atlantic mud, 514-618. 

Forbes, Edward, F.R.S., 4; on the dis- 
tribution of marine forms, 6 ; on the 
immutability of species, 6 ; si)ecific 
centres of distribution, 7 ; the law of 
representation, 8, 13 ; zones of depth, 
15 ; representative forms, 17 ; inverted 
analogy between the distribution of 
the fauna and flora of the l:ind and of 
tho sea, 44 ; on dredging, 266. 

Fos.sil Echinid.'o, 162. 

Frankland, Dr., F.R.S., analysis of sea- 
water, 511-513. 

Eiisus sarsi, 464. 

G. 

(weryoii trldcns, 88. 

Olobigeriiia btUlvidcs, 22, 416. 

(jonoplax rhomboides, 87. 

Goodsir, Henry, deep dredging in Davis’ 
Strait, 21. 

Gray, Dr. John Edward, F.R.S., on 
li yalontma, 422. 

Gulf-stream, 286, 356 ; description of, 
379; pr()gres.s and extension of, through 
the North Atlantic, 386. 

H. 

Haeckel, Professor Ernst, 9 ; biological 
.studies, 408. 

Ilalichondridie, 74. 
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Hall, Marshall, F.G.S., cinise of tho 
‘ Norna,’ 279. 

llerschel, Sir John F. W., the doctrine 
of a constant temperaturo of 4“ C. at 
pfreat depths, 35 ; letter to Dr. Car- 
penter, 378 ; description of the Gulf- 
stream, 381. 

Tlexactinellida), 70, 416. 

IJolothvria milcarea, 125. 

Jloltenia carpeviert, 71 ; wide distribu- 
tion of, 75, 101, 167, 417, 427. 

H\imboldt, Baron von, on deep-sea tem- 
peratures, 360. 

Hunter, John, M. A., F.C.S., 85 ; analysis 
of sea-water, 497. 

Huxley, Professor T. H., Sec. K.S., on 
life at great depths, 23 ; on the chalk- 
mud of the Atlantic, 496. 

Ilyalonema, 73, 101, 167, 276, 417, 422, 
423 ; JI. lusitanicumf 420, 421 ; //. 
sieboldif 422. 

Uymenmkr pdlucidui^ 120. 


r. 

Inskip, Staff-Commander, 83. 

Isthmus of Panama, Echinodorm Fauna 
on the two sides of, 13. 


J. 

Jeffreys, J, Gwyn, F.B.S., distribution 
of marine mollusca, 40 ; first cruisio of 
tho ^ Porcupine,’ 84 ; dredging off the 
south coast of Ireland, 121 ; fourth 
cruise of tho ‘ Porcupine,’ 178, 267, 
278, 418, 428 ; temperaturo observa- 
tions, 325. 

Jenkin, Profe.ssorFleeming, C.E.,F.R.S , 
cable between Sardinia and Bona, 26 ; 
first absolute proof of the existence of 
highly-organized animals at depths of 
u[)ward 3 of 1,000 fathoms, 30. 


K. 

Kent, W. Savillo, F.L.kS., the ‘Norna’ 
expedition, 75, 279 ; on AsJeonema setu- 
ba/ense, 429. 

Kophobehvmon mulleri, 75. 

K orethraskr hispidus, 119. 

L. 

Laminarian Zone, 15. 

Latirus albus, 464, 

Laughton, J. K., M.A., on ocean cur- 
rents, 398. 

Leo, Lieutenant, U.S.N., doop-sea sound- 
ings, 229, 392. 

‘ Lightning,’ cniise of the, 57 ; the Faroe 
Banks, 60 ; the Fwroe Islands, 61 ; 
lliorshavn, 61 ; first attempt at dredg- 


ing in deep water, 64 ; the ‘ cold area, 
69 ; the ‘ warm area,’ 70 ; Stornoway, 
76 ; general results of tho cruise, 78. 

Littoral Zone, 1 5. 

LituoJa, 115, 194. 

Lophohelia proli/fra, 76, 169, 432. 

Lov^n, Profes.sor, additions to tho know- 
ledge of marine zoology, 267 ; on bathy 
metrical distribution of submarine 
life, 269. 

L)'el], Sir Cliarles, Bart., F.R.S., on tho 
cretaceous period, 472 ; on the con- 
tinuity of C-halk, 476, 491. 

Lyman, Theodore, memoirs in tho ‘ Bul- 
letin of the Museum of Comparative 
Zoology,’ 277. 

M. 

M’Clintock, Admiral Sir Leopold, voyage 
of the ‘ Bulldog,’ 24. 

Maury, M. F., LL.D., Captain U.S.N., 
23 ; theory of ocean currents, 368 ; on 
tho Gulf- stream, 383. 

May, Staff-Commander, cruise of tho 
‘ Lightning,’ 57, 304. 

Mean annual temperatures : Hebrides, 
362 ; Labrador, 362 ; Bei-gen, 363 ; 
Tobolsk, 363 ; Fieroo Islands, 363 ; 
Falkland Islands, 363; Dublin, 363; 
Port Famine, 363 ; Ilalifiix, 363 ; Bos- 
ton, 363. 

‘Mercury,’ cruise of the, 233. 

Milne-Edwards, Alplioiisc, list of the 
animals found on the Mediterranean 
cable from the deptli of 1,100 fathoms, 
28, 268. 

]\Iohri, Professor 11., on surface and deep- 
sea temperatures on the west coast of 
Norway, 396. 

Miillcr, Otho Frederick, 237 ; his dredge, 
239. 

JHhimda, 76, 161. 

N. 

Neolampas, 358; N. rostellatns, 459. 

Norman, Kcv. A. Merle, addition to the 
Shetland fauna, 124; preliminary no- 
tice of tho Crustacea of the ‘ Porcupine ' 
Expedition, 176 ; Shetland dredgings, 
267. 

Nutrition of animals at great depths, 45. 

Nymphon abyssoruti, 129. 

O. 

Oceanic circulation, 79, 284 ; Dr. Car- 
penter s theory of, 372. 

Ophiacantha spinulom, 76, 148, 172. 

Ophiocien sericeum, 76, 123. 

Ophiomvsiuvi lymani, 172. 

Ophiopeltis securiyera, 124. 

Opkioscolex pnrpvrea, 123; 0. yhcialis, 
123. 
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Ophiothrix /iitlr/ii, 101). 

Orhitofitis t’/iuls.u7nn!f, 01 , 101 . 

Orhvlinih nuiocmo, 2'i. 

r. 

PfrU'ti hoiih iiusi, iGr>. 

PciiU'ellufifi r fii/n'ctiK, 4r>(). 

(I'^jnlh -tluHiisnin^ 181), 148; 

P. oshria. 480 ; P. MlUhri, i\± 

Petcrmniin, Dr., on tlio CJulf-stro;im,887, 
870, 392. 

Pht’i OUi ilHl , 418. 

Pln>,-»)io,-i(>tiia phtctufa, 171, 459. 

Piiosphoivsconco, 98, 148. 

Pierce, Professor, on tlic (>ulf-sti‘eani, 
380. 

Phii)f(U(i nnumundcHf 1 10. 

Ph nvotirdia hirida^ 404, liiS. 

Polyoysiina, 08. 

‘ Porcupine,’ lirst cruise of the, 82;cqui})' 
ment of the vessel, 83; results of tlio 
first (Ircd^nne:, 80 ; first trial of the 
Miller-disella thernioinetc'rs, 88; Por- 
cupine Dank, 88 ; trij) to llockall, 80 ; 
second cruise, 03 ; (Ireds^injx at tlie 
depth of ‘2,435 fathoms, {t5 ; return to 
llelfast, lOO; fhird eruiso, 101 ; //o//r- 
nia ground, 104 ; the heni])en tangles, 
105; Thorshavn, 100; di^eovery of 
Arctic stream, 110; Hlietland plateau, 
111; j)ivdoniinaneo of the Arctic fauna., 
131 ; fauna of the warm area off the 
nortl) coast of Scotland, 177 ; return 
to Pelfast, 178 ; fourth cruise of the 
‘ I’oreupinc,’ 179; eruiso in tho Mcdi- 
terraiu'aii, 190; fauna iioar the African 
coast, 19‘2 ; Adventure Bank, 192 ; 
Malta, 191; temper aturo soundings 
near ^tromholi, 195 ; return to Cowes, 
190. 

Porocuht rla purpvnda , 102, 159. 

Pourtale.s, Count li. C. de, deep-sea dredg- 
ing.s across the tTulf-stream oil’ tin* 
coast of Fhmda, 277. 

Pourt<(li .<iit ifSf\ 108, 157 , 459 , 4 89 ; 
P. phi ah, 90, 459. 

Predominance of protozoa, 47. 

Preservation of specimens, 201. 

Pressure, conditions of, at. gn'at depths, 
32 ; methods of testing t he actual ])r(‘s- 
sure, 31 ; effect, of ]»ressurc on the 
thermometer, ‘291. 

Prestwicli, tlo.seph, P.ll.S., {’resident of 
the (leological Society : 'Pemperatures 
of the Atlantic, 358 ; on the continuity 
of tho i;lialk, 190. 

Psamnidliinus min'afuhercidabts, 457 ; !*. 
'iniliaris, 459. 

Psolus itqaamaim, 125. 

Pteraskr milUaris, 171. 

P. 

Rhahdainmi^ra ahpssorvm, 75. 

lihi^ocrirriii lojfiAensis, 70, 124, 447, 451. 


Richards, Rear-Admiral, (.!. B., P. RS. , 
Ilydrographor to tho Navy. 3. 

Ross, Sir James Clark, R. N., dc'op 
<lre(lgiugs in the Ant .-i retie Sea, 20 ; 
temperature observations, 304. 

Ross, Sir John, voyage of discovery in 
Baffin’s Ikiy, 18; machine for taking 
)ip soundings from groat depths, 209 ; 
lenqjeraluro observations (luring tho 
Arctic voyage, 300. 

RasaiUa rdota, 419. 

Royal Society, letter to, from |)r. Car- 
penter, recommending a systematic 
course of deei)-S('a dredging, 53 ; hitter 
from the Soerotarv of, to the Se cretary 
of the Admiralty, 55 ; reply from i\\a 
Admiralty, .5G : (see also 133-111.) 


S. 

Sabine, Ceneral Sir PMward, K.flB., 
extracts from private journal, 18, 300. 

Sars, Professor Mieliael, list of animals of 
all tbe invertebrate groups living at a 
deptb of 300 to 100 fathoms, 33, ‘208, 
270, ‘271. 

Si'hizashr (‘((7nilij]’)'as, 459. 

Selimidt, Professor Oscar, on llexactincl- 
lid;e, 70; Comotclla. Il l, 208, 410. 

Schultzo, Professor Max, on IPialam )na. 
125. 

Serpufa, 273. 

Slinrks at great depths. 34. 

Shortland, Captain. B. N., temperatures 
of deep water in tho Arabian Sea, 359. 

Smith, Totdmin J., on VentricuUles, 482. 

Soht.df r /arri ftr, 119, 150; S', papjtoiais, 
118. 

Spafainpis raifchi, IIS ; S', '])arp)fr(>tis, 

4.59. ' 

Spo’orh/x, 273. 

Spralt, ('aptaiii, R.N., dredging in the 
Mediterranean, ‘270 

Steiinstrup, Professor, additions to the 
knowledge of marine zoology, 2t»8. 

Sliitocimliffa boreal is, VI 4. 

Surface-temperature, mode of determin- 
ing the, 287 ; distribution of. in the 
North Atlantic, 302. 


T. 

Tanks for the transportation of living 
fish, .59. 

Tdlina ralcarxi, 102 ; T. romprrssa, 464. 
Temperature of tho ci-ust of tho earth, 
404. 

Tri'ihratida .upiafa, 130. 

Thecophora, srmmihrrites, 147 : T. ibfa, 

148. 

Threopsammia sorialis, 433. 
Thermometer, Six’<, ‘288 ; Miller Casella, 
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‘2in ; Brcp:iict’s metallic thermometer, 

; Ne^n’ctti and Zamhra's tlua-mo- 
moter, 21)3. 

Idiom.son, Sir William, F.R.S., thermo- 
meter in a scaled ^lass tul>e, 21)0 
Tisipkonia arjariciformis, 74, 107. 
To.ropiiei(sfes hn risp! no.tus, 4.')!). 
Tyipylusfriujilis, 118, 451). 

V. 

Variation, 9. 

Vpuh'ii'Hlites: 483 ; out (a* surface, 

481 ; .section of the outer wall, 485. 
Vrrtic(wd'm arutio^sfaftf, 401. 


W. 

Wallace, .MlVial Kus'^i'l, on natural 
selection, 8. 

Waller, Kdward, (Ireduiiij^; otV the South 
coast of li'oland, Ilehride.s, and Shot 
land hslands. 121 : on the fauna of the 
llehridi's, 207. 

Wallich, (;. (h, M.I)., F.L.S.. (he North 
Atlantic Sca-hed, 21. 271, 302. 

Wrio'ht, I’rofe.ssor rerceval, deep <liv<h;- 
in^'’ off the coa.st of Fortiie-al, 270. 

Z. 

Zone of de(“|)-sea cor.ils, 10. 

/jortKi.di w.v, 153, 
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SCIENTIFIC CATALOGUE. 


Airy (G. B.) coniimied. 

7 -datiug to chances which can he altered only by the changes of entire 
nnits or integral mult if les of units in the fundamental conditions 
of the problem; the other concerning those chances which hare 
respect to inumsiblc gradations in the value of the clement measured)^ 
this volume has been drawn up. It relates only to errors of obser7'a- 
tio}/, and to the rulcs^ derivable from the consido’ation of these 
errors, for the combination of the resulls of ohservathnis. 

UNDULATORV THEORY OF OPTTCS. Designed for the Use 
of Siudents in the University. New Edition. C'rown Svo. cloth. 
(os. ()d. 

The undulatory theory cf optics if fresoited to the reader as hai'ing 
the same claims to his attention as the theory of gravitation, • - namely, 
t’/at it is certainly true, a)id that, by mathematical operations 
of genentl elegance, it leads to jrsulls of great interest. This theory 
i \ plains with accuracy a vast variety of phenomena of the }nost 
i ompruated kind. Jhe plan of this tract has been to i)iclude those 
phenomena only which admit of cahula I ion, and the investigations 
are applied only to phenomena which actually have been observed. 

OX SOUND AND A'rMOSPJIERrC ^'J PRATE )NS. Willi 
ill'- Miillienialical Elcinenis of IMii^ic. ])csigncd for llic Use of 
Siudents of the University. Second J'idition, revised and enlarged. 
Urown Svo. 99. 

Thi< 7'olume consists of sections, sohich again are divided info num- 
t'Tcd arlides, on the following topicf : - -iicnera! recognition of the 
('>]■ as- the medium which coirveys sound ; Troperdes of the air on 
w'deh the fojination and transmission of sound depend ; 'Theory of 
inviidalioi.a as applied to sound, etc.: Investigation of the nndion 
o' a wave of air through the atmosphere: 'Transmissio/t of 70a 7 -es 
f soniferous 7'ibrations through differeid gases, solids, and fluids; 
La perimenls on the 7'elocily of sound, etc. ; On musical sounds, 
and the manner of producing them : On the ilements of musuol 
harmony and melody, and of simple musical composition: 0)1 in- 
strumental music: On the human organs of speet li and hearing. 

A ddsEATISIO ON M AClNFiTISM. ])esigncd for the Use of 
Siudents in the Univensity. Crown Svo. i)s. Gd. 

As the hrws of Magnetic Force have been experimentally examined, 
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7vitli philosoHncol acatracy^ only in i/s connection 7vith iron and 
steely and in iJic injlucncc i\\\itcd ly the earth as a ivhole, the 
accurate portions oj this soork are confined to the investigations con- 
nected with these metals and the earth. The latter part of the 
loork, hoWi'ver, treats in a more general way of the laws of the 
connection hciween Magnetism on the one hand and Galvanism 
and 'J hermo-ldectricity on the other. The work is divided into 
Twelve .Seel ions, and each section into numbered articles, each 
of which states concisely and clcarlv the subject of the follosoing 
paragraphs. 

Ball (R. S., A.M.)— KWKKIMENTAL MECHANICS. A 
Course of I^eclurcs delivered at the Royal College of Science for 
Trclaiul. Ily Roi'.kr'J’ JS'I'AWKF.l Rall, A. AT., ProfeS'sorof Applied 
Mathematics and Mechanics in the Royal Culk'L,m of Science for 
Ireland (Science and Art Department). Royal Svo. i6s. 

7he auth aim in theie twenty J.ictnres has been to cieafe in the 
mind of the student physical ideas corresponding to theoretical lcrw\', 
and thus to produce a work which may be regarded either as a .sup- 
plement or an introduction to manuals cf Iheorelic nuc hanks. To 
realiw this design, the copious use cf experimenlal illnstralione was 
necessary. 'The apparatus used in the Lectures and f gun d in the 
I'olnme has been principally built up from Prejessor Willis's most 
admirable system. In the selection of the subjects, the c/mstion oj 
praclicot iilility has in many caws been rgirded a\' fhc i>nc of para- 
mount importance, and it is Ilieved that the mode cf treatment 
which is adopted is more or less original. 'J'J.is is especially 
the ca'^c in the 7x0/ arcs relating to friction, to the mechanical 
poo'crs, to the strenyjh of timber and structure^, to the laws cf 
motion, and to the pendulum. The il lust ratio d,a:on from 

the apparatus, are marly all original and an Lardi fully c.\e- 
cuted. fn our reading we have not met with any booh of the sort 
in Knfiish ," — Mechanics’ .Ma:;a/lne. 

Bayma.— THE elemen'I’s oe imoeecui.ar mecha- 
nics. Ry JoSKlMt Rayma, S.J., Erofe.-or of l'hil(;sopl!V, 
Stonyliiirst College. Demy Svo. cloth. lo.!'. Ui. 

Of the twelve Looks into lohich this treatise is dim ted, the first 
and second gii'c the demonstration cf the principles wnich oear 
directly on the constitution and the properties of matter. 'I he luw t 

A 2 
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three hooks contain a series of theorems and of fvhtcms on the laws 
of motion of elementajy substances. In the sixth and sraenih^ the 
mechanical constitution of molecules is investigated and determined: 
and by it the general properties of bodies are explained. The eighth 
book treats of luminiferous el Jut. The ninth explains some special 
properties of bodies. The tenth and elCi'enth contain a radical and 
lengthy investigation of chemical principles and relations^ which 
may lead to practical results of high importance. The twelfth and 
last book treats of molecular masses, distances, and powers. 

Boole.— Works by (k Rooi.k, D.C.L, F.R.S., Professor of 
MallicMBiiUcs in the Queen’s University, Ireland 
ATRKATISU ON DlFKKRKN'riAI. K()UATTONS. Third 
Editinn. Fditcd l)y f. Todiiunter. Crown 8 vo. cloth. 14 ^. 
Professor Pool^ has endea7'oured in this treatise to convey as complete 
an account of the present state of kmnoled^i^e on the subject of Dif 
ferential kpualions, as ^oas consistent with the idea of a work in- 
tended, primarily, for elementary instruction. The earlier sections 
of each chapter contain that kind of matter sohich has usually been 
thoniihl suitable for the beginner, lohile the latter ones an dtrooted 
either to an account of recent disccroery, or the discussion of such 
deeper questions of principle as are likely to present themselves to the 
rejlecth'e student in connection 7c>ith the methods and processes of his 
pnvious rojtrse. A treatise incomparably superior to any other 
elementary book on the subject 7aith xohich 7ve are acquaintedf — 
rhiloso])hical Magazine. 

A 'rREATISK ON DIFFERENTIAL EQUATIONS. Supple- 
mentary Volume, Edited by I. Tudiiunter. Crown Svo. cloth. 
Sr. Gl. 

This volume contains all that Professor Boole sorotc for the pu?pose 
of enlargi)ig his treatise on Differential Equations. 

THE CAt.CULUS OF FINITE DIFFERENCES. Crown 8vo. 
clotli. lor. ^d. New Edition revised. 

In this' exposition of the Calculus of Finite Differences, particular 
aftcuiion has been paid to the connection of its methods 7oith those of 
the Differential Calculus ~a connection 7ohich in some instances 
involves far more than a merely formal analogy. The 7vork is in 
so?ne measure designed as a sequel to Professor Boolis Treatise on 
Didorential Equations. 
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Brook-Smith (J.)— arithmetic in tueorv and 

PRACTICE. J. Prook-Smitii, Af.A., J.L, !>., St. John’s 

College, Ccambridge; Jlarrister-at-Law ; one of the Masters of 

Clieltenham College. Crown Svo. 4.V. 6./. 

IV riftYs on Arithmeiu ni the prcuiif day fed ihc ncccsd!y of iwflaininy 
the principles on 'ivhieh the rides of the sid>/ee/ are laseil, bat feio as 
yet feel the necessity of in a hi ni^ these explanations striet and complete ; 
o}\ failing that ^ of distinctly pointing out their defeeti re eharaeler. 
If the science of Arithmetic is to be made an ejfedire inslrnmenf in 
developing and strengthening the mental poioers^ it ouyjd to be 
worked out rationally and conclusively ; and in this 7 oorh the 
author has endeas'oured to reason out in a clear and aecitrale 
manner the leading propositions of the scienee^ and to illn.\trate and 
apply those propositions in practice. In the practical pari of the 
subject he has adi’anced sonnwhal beyond the majority of /receding 
writers ; particularly in Division ^ in (Irealest Common Measure^ 
in Cube Root ^ in the chapters on Decimal Money and the Metric 
System^ and more esj'iccially in the appliealion of Decimals to Per- 
centages and cognate subjects. Copious examples, orighud and 
seleeli d, are given. 

Cambridge Senate-House Problems and Riders, 

WITH SOLUTIONS 

1848-1851.- - PROliLEMS. P>y Ekrkkus and Jackson. Svo. 
cloth. 1 5.1'. 6 d. 

1848-1851. — RIDERS. ]>y Jamkson. 8vo. doili. 7^. Cl. 

1S54. — PRORLEMS AMD RIDERS. iJy Walion and 

Mackknzik. Svo. cloth. lOi. Cl. 

iS57._PR()BLEMS and RIDERS. Jly CAMnoN and 

\VAi;roN. Svo. cloth. 8.v. Cl. 

i860. --PROP, LEMS AND RIDERS. Ry W.vrsoN and RotJ^j ii. 
Cro^vn Svo. cloth, y.v. Gd. 

1864.-PRORLEMS AND RIDERS. Ry V ai.ton and Wil- 
kinson. Svo. cloth. lOf. Gd. 

These volumes will be found of great value to Teachers an I Students, 
as indicating the style and 7 'ange of mathematical study in the 
University of Cambridge. 

Cambridge afi'd Dublin Mathematical Journal. 

The Complete Work, in Nine Vols. Svo. cloth. 10/. io.r. 
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Only a feiv copies runain on hand. Amontf conN‘ihntors to this 
work will be found Sir IV. Thomson, Stoke.^, Adams, Boole, Sir 
IV. B. Ifamilton, Dc Mori^an, Cayley, Sylvester, Jellet, and other 
distinguished matheniatidans. 

Cheyne. — Works by C. TI. IT. Ciikynf,, M.A., F.R.A.S.:— 

AN ELEMKN'IWRY TREATISE ON THE PLANETAR^' 
THEORY. Witli a Collection of Problems. .Sccoiid Edition. 
Crown 8vo. cloth. 6s. 6d. 

In this volume, an attempt has been made to produce a treatise on the 
Planetary theory, which, being elementary in character, should be 
so far complete as to contain all that is usually rci/uhrd by students 
in the University 'f Cambridge. This lulition has been carefully 
7‘evised. 'Jhe stability of the Planetary Sv'^lem has been more fully 
treated, and an elegant geometrical e.xplanation of the formuhv for 
the secular 7'ariation of the node and iuiUualion has been in- 
traduced. 

' THk: EARTH'S MOTION OF RO'IWTION. Crown <S^o. 

3.r. 6d. 

The first part of this work consists of an appliealbn of the method of 
the I'ariaiion of elements to the general problem of ratal ion. In the 
S'Yond part the general ivtation formut.e are applied to the particular 
case of the earth. 

Childe.— TirK sinc.ui.ar propkutii'.s ok 'I'iik rxr.ip- 

SOTD AND ASSOCIATKI) SUK1'ACI';S OK TUK Nth 
DECtREE. by the Rev. 0. F. Citildk, ^M.A., Author of 
‘‘Ray Surfaces,’’ “Related Caustics,” Ac. Svo. ioa\ 6d, 

The objeet of this volume is to draelop peculiarities in the Kllipsoid : 
and, further, to establish analoi^ous properties in the unlimited con- 
generic series of whieh this remarkable surface is a constituent. 

DodgSOn.— AN ICLEMEN'rARY TKEATIS]'; ON DETER- 
MINANTS, willi their Application to Siuniltaueous I.iiiear 
Equations and Algebraical Geometry. T»y Cii vri.fs L. Hotiosox, 
M.A., Student and Mathematical Lecturer of Christ Church, 
Oxford. Small 4to. cloth. io.f. 6^/. 
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The object of the author is to present the subject as a eouliuuous 
chain of argument^ separated J'rom all accessories of explanation 
or 2llustration. All such explanation and illustration as seemed 
necessary for a heyinner are introduced either in the form of 
foot-notes, or, cohere that would have occupied too much room, of 
Appendices. 

Earnshaw (S., M.A.) —partial dikI'LRKNTJAi, 

I’.QlJA'nONS. An Kssay towards an entirely Neu^ Metliod of 
Integrating tlicrn. l’>y S. Marnsifaw, M.A., of St. John’-, 
College, Cambridge. Crown 8vo. 5.V. 

Ihe peculiarity of the system expounded in this work is, that in every 
e/uation, lohatc'ver be the number of oriy;inal independent rurriables, 
the work of integration is at once reduced to the use of one indepen- 
dent variable only. The authofs object is nurely to render Iii\ 
method thoroughly intellii^ible. Vhes'arious steps of the inre^/Ia- 
tion are all obedient to one ;^eneral principle : a/ul th(>uyh in s<eii:i 
degree noz'cl, are not really dijjieiilt, but on the contrary, easy when 
the eye has become aeeustomed to the no^klties of the notation. lifany 
of the results of the integrations are far more general than they wo . 
in the shape i>i which they appeared in former I'reatises, and many 
I’ll] nations will be found in this /'issay integrated with ease in finite 
terms, which were nez'cr so integrated before. 

Ferrers.-- -AN icckmkntarv trkatisk on 'rkiUNEAR 

CO-ORDINA'l'ICS, the jMetliod of Reciprocal Tolars, and the 
Theory of Trojectors. T»y the Rev. N. M. h'KRRKRS, Af. A., h’clhjw 
and 'Tutor of (lonville and Cains College, Cambridge. Secomt 
IClition. (.h'ow'ii 8vo. ()s. A/. 

The object of the author in wriliny on this subject has mainly been to 
place it on a basis altogether inde/yndent of the ordiiiiiry Carttsiau 
svste//i, i)istead of irgarding it as only a special form of Abridged 
Notation. A short chapter on Determinants has been introduced. 

Frost. — Works by I’ERCIVAL Fro.st, M.A., late Fellow of St. 
John’s College, Mathematical Lecturer of King's College, Cam- 
bridge : — 

TIIK FIRST TIIREF SECTIONS OF NIAVTON’S TRIN- 
CITIA. With Notes and Illustrations. Al-o a CoHeelioii of 
Problems, principally intended as Examples ol Newton’s Methods. 
Second Edition. 8vo. cloth. lo.r. (id. 
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F fOSt — conlinui'd. 

JJir author s principal inlenlion is to explain difficulties Tohich may be 
encountered by the student 07t first reading the Principia, and to 
illustrate the advantages of a careful study of the methods employed 
by Neioton^ by slunving the extent to which they may be applied in 
the solution of problems ; he has also endeavoinrd to give assistance 
to the student 7tdio is engaged in the study of the higher branches of 
mathematics, by irpresenting in a geometrical form several of the 
processes employed in the Diffeixntial and Integral Calculus, and in 
the analytical investigations of Dynamics. 

AN ELEMENTARY TREATISE ON CURVE TRACING. 

8 VO. 12!^. 

The author has written this booh under the conviction that the skill 
and power of the young mathematical student, in order to be 
thoroughly available afterwards, ought to be desH’lopcd in all possible 
directions. 'J'he subject ivhich he has chosen presents so many faces, 
pointing in directions towards which the mind of the intended 
mathematician has to radiate, that it would be difficult to find 
another which, with a very limited extent of reading, combines, to 
the same extent, so many valuable hints of methods of calculations 
to he employed hereafter, with so much pleasure in its pnsent nse. 
In order to understand the work it is 7wt ticcessary to have much 
knowledge of what is called Higher Algebra, nor of Algebraical 
Geometry of a higher kind than that which simply relates to the 
Conic Sections. From the study of a work like this, it is bcluved 
that the student will derive many advantages. Especially he will 
become skilled in making correct approximations to the values op 
quantities, which cannot be found exactly, to any degree of accuracy 
which may be required. 

Frost and Wolstenholme — a TREATISE ON SOLID 

GEOMF/rRY. By Tkrcival FroS'I', M.A., and the Rev. J 

Wolstenholme, M.A., FcIIoav and Assistant Tutor of Christ’s 

College. 8vo. cloth. 

Intending lo ntake the subject accessible, at least in the earlier poidions, 
to all classes of students, the authors have endeavoured to explain 
completely all the processes which arc most useful in dealing with 
ordinary theorems and problems, thus directing the student to the 
selection of methods which are best adapted lo the exigencies of each 
problem. In the more difficult portions of the subject, they have 
considered themselves to be- addressing a higher class of students ; 
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and they ha. v iherd tried to lay a good foniidation on 7vhich to 
Imild^ if any reader should loish to pursue the scienee beyond the 
limits to lohieh the 7oorh extends. 


Godfray. — Works liy Ilircir (Iodkuay, A[.A., ATallicmatical 
Lecturer at l’einl)roke Colic e, (^ambiid^e : — 

A TKKA'nSL ON AS'l'KONOMY, for the Use of Colleges and 
Schools. 8 vo. cloth. I2.V. Gd. 

This booh embraces all those branches of Astronomy 7ohich have,f'o?n 
time to liuh\ been recommended by the Cambridge Board of Mathe- 
matical Studies : but by far the larger and easier poriiony adapted 
to the first three days of the Eoaminafioti for Honours., may be read 
by the more adt'anced pit fils in many of our schools. The authors 
aim has been to convey dear and distinct ideas of the celestial phe- 
nomena. ^Ht is a 7oorhing boohfi says the Cuardian, taking 
Astronomy in its proper place in the JMathemalical Sciences. . . . 
It is a book 'lohich is not likely to be got up unintelligcntly.^^ 

AN EIJCMLNTARY TREATISE ON THE LUNAR 
'rilEORY, -with a IJricT Sketch of the IVoblem up to the time of 
Newton. Second Edition, revised. Crown 8 vo. cloth. 5 .^'. Gd, 

Ihese pages 7oill, it is hoped., form an introduction to more recondite 
'Loorks. Difju ulties have been discussed at considerable length. 'The 
selection of the method folUnoed 7vith regard to analytical solutions, 
'udiich is the same as that of Airy, Herschel, etc. , 7oas made on 
account of its simplicity ; it is, moreoT'cr, the method 7 ohich has 
obtained in the University of Cambridge. ^Cds an elementary 
treatise and introduction to the subject, sue think it may justly claim 
to supersede all former ones.” — London, lildinburgh, and Dublin 
Phil. Magazine. 

Green (George).— mathExMATTCAL papers of the 
JjATE GEORCjE GREEN, Fellow of Gonville and Cains 
College, Cambridge. ICditcd by N. M. Fkrrkrs, M.A., Fellow 
and Tutor of Gonville anil Cains College. 8 vo. 15 .?. 

IVic publication of this book may be opportune at present, as sroeral 
of the subjects with vdiich they are directly or indirectly concerned 
have recently been introduced into the course of mathematical 
study at Cambridge. They has’c also an interest as being the 7oork 
of an almost entirely self-taught mathematical genius'. Thi Papers 
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conif^riu' ihc folIoiin)v^: — An Essay on iho application of Alal/ic- 
niatical Analysis to the IJieories of Etettm ity and Ma'^nctisni — 
On the Enos (f the Eijiiilibriiini of El aids analogous to the Elect ri( 
Fluid On the JEtennination of the . \ttraclions of Ellipsoids' 0 / 
variable IKnsities -()// the Motion of lEai'cs in a 7'ari'd'le ('a no' 
0 / sjn<dl depth and soidth On the Rejlcction and Refraction oj 
Sound On the Reflation and Rcfrailion of IdiAht at tlc' ilonunou 
Surface of t:ao jVon-Cryitalliiid Media -()n the Rropa .ytion 0 / 
I rdit in Crystalli'ad Media - R, svanhes on the Eibratioin if Re)!- 
dn'nins in Ida id Media. “ It ha7 been for some lime r<eoyni:e^ 
that Creen" s 7oritiny7 are amon-yd the most valuable j}:al''e»talba. 
productions 'me possess. " Athcna’uni. 

Hemming. —an ICLKMKNTAkV TRKNVl^K OX Till' 
I)IkKIO<FX'riAl. AXl) IXTKC'.RAF CWAA LIS. Lor tlic 
L'se of ( tillc^cs nnd .ScliooL. I’y O. W . lIi.MMlNt , 

Fellow of St. Joliir.s ( 'ollei^c, L';unl rid^e. Second L lilion, will 
C'orreetiuii': and Atlditions. Svo. cL»llu 9''. 

“ There IS no booh in Kommon nse fom sohhh so clear and c\ihl > 
/\j/o:oLd’y of the prini ipli.\ oJ the Cabnln^ can be si r adilv r’ 
tai/r\l." -Littrary (la/elle. 

Jackson. — OIA )Mi: I'kK 'AI. COXK' SL(''riC)XS. \ii l.L 
incntary 'rrealLe in whieli tlie Conic Sections are delin. ! as iF-j 
IMane Sections of a and treated by tlie Method of Ih >; 'ctio'u. 

15y |. S'l rAK r I \(K' n\, M.'\., late Fellow oi' (ionville, lal <'aii',. 
Colleite. ('rownSvo. .\s. bd. 

Thi^ morh ha> be, n vritten loitb a vieio to ^^i;e the a'.’.aTnt Se ihneio 
of the Mlhod ‘f Rrojci lioiv iv applied to the Elli/'s a, ^ Hyper- 
bola. irhen thii method is adaiitted into the treat'i-om of Cojn'r 
Seetions there arc many renoj/s 7ohv they should /V d fin ef noi 
1 ,'ith ref rente to the fotn\ and direct ri.\, but ae,ordr..^ to tit 
m'final definition Jrom ■ioib h they ha,-e t/uir nan/e., Pltin 
Seclionc of a Cone. I'hii method is calculated to predU'C a materia, f 
sim pH fication in the treatment of th, u’ curi',., and to mo>: ■ tie fr, oj 
oj their propertha more ca.'tily understood in the first in dance ana 
more easily remember, d. It /> tdso a poioerfil indrument in the 
solution of a lar^e class of problems relatin'.^ to these curves. 
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Morgan.— A COLLKCTION OF PROBLEMS AND J'A'AM- 
JM.ES TN i^rATIIEMATICS. Witli Ansucis. By IJ. A. 
Morgan, M. A., Sadicrian ami MalliL'iiialical Eoctiircr of Jcsii ’ 
College, Ciuubridge. Crown Svo. clolli. bs. (hi. 

This (-oi/fdlus d uunilhT of prohlsms, chioilv Llnunilayy, in (he 
Mathi'niatieal snhfrts usually read a! Cahibi id-c. They hare been 
seh'i ted from (he Tafer^ sel dnriny late year^ a I fesns ( 'oil eye. / 'ery 
/e~iO of (Ih/n are to (>e met :o/tn ni other loHeitions., ajul by fir I lu 
laryr number are due to so'-re of the most didin;e,nishcd Idathe- 
matieians in (he I ’nirern'fy. 


Newton’s Principia. 41,). cioih. (d. 

It is a nif/ieient ynarantee of the riHabiUty of this eomflete edition o/ 
A er. 'A Prinei])ia that it has beui frinted for anil under the > ai\ 
of I'rofessor Sir William '/'homsvn ami Trofscor I'daehburn, o/ 
iila.syno I 'nhvrsity. J'heJollor>iny notiee f fre/i.xed Eindiir, 
that all the editions of the Principia are noio out of frint, :oe ha:\ 
been indueed to reprint Xra'tonS lad edition je/' 1726] 'loithout md 
or iomment, only introdueiny the '' Corriyiuda’' of the old eofy a no 
e(>rreetin;’ typoy^raphieal errors." The booh is of a hand.^onie w i . 
Toifh lany type, jine thieh paper, and eleanly-.ut lion res, and i 
the only reeenl edition ii>n'oi/,'h/i; the loaole of Xemtoif s artiU 

Pari linson.- -Works Iw S. PaukinsoN, D.D, I'.K.S., i'cliou 
and d'uloi of Sl Jolm's (’(dlege, ( ainln idgc 

AN EldLMEN'rARY TREATISE ON MECHANICS. 1-or the 

Esc of (he Junior Cla'-i-es at the Lbii\ersily and the Higher ('lassc 
in Scliouls. With a C’ollettioii of l';\ain[)le-.. I'oiirlli Palition, 
rc\i'.ed, (h'own Svo. cloth, bs. (hi. 

In pnpariuy a fourth edition oj this' r<orh die author has hep! tT 
.same object in 7 'ieio as he had in the former editions — namely, to iu- 
clude hi it siiih portions of Ti.- oretieai Mei ha nns as ean be eon- 
'I'eniently inrestiyated soithou! tin use of the Diffei ential Caleuius. 
and so reV'Jer it suitable ,7' r -nanual for the junior ebi^ies in die 
i Iih'ersity and the hiyher classes in Sehools. With one or Too short 
exceptions, the student is not presumed to reauire a hnmoledye of an ] 
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Parkinson— 

branches of Mathematics beyond the elements of Algebra^ Geometry ^ 
and Trigonometry. Seiwral additional propositions have been in- 
corpora ted in theioork for the purpose of rendering it more complete^ 
and the collection of Examples and Problems has been largely in- 
creased. 

A TREATISE ON OPTICS. Third Edition, revised and en- 
larged. Crown 8 VO. cloth. lOj. 6d. 

A collection of Examples and Problems has been appended to this ivork^ 
which arc sufficiently numerous and varied in character to afford 
useful exercise for the student. For the greater part of them^ re- 
cou7‘se has been had to the Examination Papers set in the University 
and the several Colleges during the last twenty years. 


Phear.— ELEMENTARY HYDROSTATICS. With Numerous 
Examples, By J. B. Piieak, M.A., Fellow and late Assistant 
Tutor of Clare College, Cambridge. Fourth Edition. Crown 8vo 
cloth. 5''* 

This edition has been carefully nvised throughout^ and many new 
Illushvtions and Examples added, which it is hoped ’ivill increase 
its usefulness to students at the Universities and in Schools. In ac- 
cordance with suggestions from many engaged in tuition, ansavers to 
all the Examples have been given at the end of the hook. 


Pratt.— A TREATISE ON ATTRACTIONS, LAPLACE’S 
FUNCTIONS, AND THE FIGURE OF THE EARTH. 
By John IT. Pratt, M.A., Archdeacon of Calcutta, Author of 
“ The Mathematical Principles of Mechanical Philosophy.” Fourth 
Edition. Crown 8vo. cloth. 6s. 6d. 

The authors chief design in this treatise is to give an ansiuer to the 
question, '‘'‘Has the Earth acquired' its present form from being 
originally in a fluid state V' This edition is a complete reiiision of 
the former ones. 


Puclde.— AN ELEMENTARY TREATISE ON CONIC SEC- 
TIONS AND ALGEBRAIC GEOMETRY. With numerous 
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Examples and Hints for their Solution ; especially designed for the 
Use of Beginners. By G. H. Buckle, M.A. New Edition, 
revised and enlarged. Crown 8 vo. cloth, '^s. 61. 

This work is recommended by the Syndicate of the Cambnd^^e focal 
Examinations. The Athenx'iun says the author ^'‘displays an 
intimate acquaintance with the difficulties likely to be felt, together 
with a singular aptitude in renuwing themf 

Routh.— AN ELKMENTARY TREATISE ON THE DYNA- 
MICS OF THE SYSTIlM OF RIGID HODIES. With 
numerous Examples. By Iu^ward John Routh, M.A., late 
Fellow and Assistant dutor of St. Peter’s College, Cambridge ; 
P^xamincr in the University of T^ondon. Second P^dition, enlarged. 
Crown 8 VO. cloth. 14 .?. 

In this edition the author has made serera I aaditmispo each chapter: 
he has tried, enen at the risk of some little repetition, to make each 
chapter, as far as possible, complete in itself, so that all that relates 
to any one part of the subject may be found in the same place. This 
arrangement will enable ei'ery student to select his envn order in 
which to read the subject. The Examples which will be jound at 
the end of each chapter have been chiefly selected from the Examina- 
tion Papers which luroe been set in the University and the Colleges 
in the last fw years. 

Smith’s (Barnard) Works. — See Educatk^nai. Cata- 
logue. 

Snowball.— THE elemp:nts of plane and si’HERI- 

CAL TRIGONOME'L'RY j with the Construction and Use of 
Tables of Logarithms. By J. C. Snowball, M.A. 'Penth 
P^dition. Crown 8 vo. cloth, qs. 6d. 

In preparing the present edition for the press, the text has been sub- 
jected to a caf-eful rroision ; the proofs of some of the more import- 
ant propositions have been rendered more strict and general ; and 
a considerable addition of more than two hundred examples, taken 
principally from the questions set of late years in the public exami- 
nations of the University and of individual Colleges, has been made 
to the collection of Examples and Problems for practice. 
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Tait and Steele.— dynamics of a PAu riCLE. With 

inimcroiis Examples. By Professor Tai'I' and Mr. Stkele. New 
h^dition. Crown 8vo. cloth. lo^. 6^/. 

In this treatise anil he found all the ordinary propositions, connected 
ivith the Dynamics of Particles, which can he conzcnienlly deditcea 
without the tise of LI Alemberf s Principle, Throughout the hook 
7vill he found a number of illustrative examples introduced in the 
text, and for the most part completely worked out ; others with occa- 
sional solutions or hints to assist the student are appended to ecfch 
chapter. For by far the greater portion of these, the Cambridge 
Senate-House and College Examination Papers have been applied to. 

Taylor.— GKOMETRICAL conics ; includinsT An harmonic 
Ratio and Projection, with numerous Examjiles. By C. 'rAYi.oK, 
B. A., Scholar of St. JohiY-i Collej^e, Cambridijc. Crown Svo. 
cloth. 7.r. 6d. 

This 70ork contains elementary proofs of the principal properties of 
Conic Sections, together 7vith chapters on Projection and Anharmonic 
Ratio. 

Todhunter. — Works by I. Todiiunter, M.A., F.R.S., of 
St. John’s College, Cambridge : — 

^L^erspicuous lan^^uage, vigorous investigatiojis, scrutiny of dificulties, 
and methodical treatment, characterize J\fr. 'rodhuntefs 7vorks .^' — 
C'ivil iMigineer. 

THE ELEMENTS OF EUCLID; MENSURATION FOR 
BEGINNERS; ALGEBRA FOR BEGINNl'.RS ; TRIGO- 
N()?dE'rRV FOR BEGINNERS ; MECHANICS FOR 
BEGINNERS.— See Educational Catai.ocue. 

ALGl'.BRA. J^'or the Use of Colleges and Schools. Sixth lulition. 
(h'own Svo. cloth. ']s. (id. 

This work contains all the propositions 7ohich arc usually included in 
elementary treatises on Algebra, and a large numkr of JLxamples 
for Exercise. The author has sought to render Ihc voork easily in- 
telligible to students, soithout impairing the accuracy of the demon- 
strations, or contracting the limits of the subject. The Examples, 
about Sixteen hundred and fifty in number, have been selected 7v:th 
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Todhunter (I.) — continued. 

a vieiv to ill u si rate rrc?y fart of the subject. The ivork toil I be 
found peculiarly adapted to the loants of students ivho are without 
the aid of a teacher. The Ans7ocrs to the JL\amplcs^ with hints 
for the solution of some in which assistance may be needed^ are 
i^iven at the end of the book. In the present edition two A\w 
Chapters and 'I'liree hundred miscellaneous Examples have beoi 
added. “ It has merits which unquestionably place it first in the 
class to which it belongs !' — KdiicaLor. 

KKY TO ATXIKBRA FOR THE USE OF COLEECU-S AND 
SCHOOLS. Crown 8vo. lo.r. Cl. 

AN p:LEMENrARY TREATISIC ON THE d'llJ'ORY OF 
KQUATKJNS, Second ICdition, revised. Crown 8vo. cloth. 
*js. a. 

This treatise contains all the propositions which are usually included 
in elementary treatises on the theory of Jujuafions, together with 
ExauipLs for exercise. 'J'hese lurae been selected from the ColU\iie 
and Enir'ersity Examination Jhpers, and the results liaiie been 
given when it appeared necessary. In order to iwhibit a compre- 
hensive vieio of the subject, the treatise includes' ins'cstiga/ions which 
are not found in all the preceding elementary trealis'cs, and aho 
some iuTwdigitions which are not to be found in any of them, Eor 
the second edition the work has been revised and some addifiwis 
have been made, the most important being an account of the 
Researches of J'^rofessor Sylvester ref 'e( ling Xewlon\ Rule. 
ttioronghly trudworthy, complete, and yet not too elahorate treatise.'' 
- -Jdiilosoidiical Magazine. 

I’J.ANI'' d'K 1( l’'or ScIhk^Is and ( J''ourtli 

Kditu)!!. Crown Svo. cloth. 5''- 

'J'lie design of this work has been to render the s^'t jert intellii^ible 
to beginners, and at the same time to a/fa'd the stuilent the op/>or- 
t unity of obtaining all the information which he seill require on 
this branch of Afaf hematics. Each chapter is followed by a set 
of Examples: those which arc entitled Miscellaneous lAainjdcs, 
together with a few in some of the other sets, may be advantageously 
resowed by the student J'or exercise after he has made some progress 
in the subject. In the Second Edition the hints for the solution of 
the Ea amples have been considerably increased. 
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A TKKA'riSK OX SPFIKRfCAI. TKUa )X( )A[r:TRV. Thiul 
Jvlition, cnlan^cd. (’rown <Sv(). dolli. .\s. Gt/. 

The pri'St’ut luork is couslriich’d on Ihu same plau as f/ir /realise ua 
Plane Trii^anoinehy-i to lohkh it is inlendeil as a sejnel. In the 
aceoioil oj iVapiers Riile^ of circular parls^ an evpla nation has 
heen yh'cn of a metfiod of proof dc.'i\ed hy Xapie}\ so/iic/i seems to 
iias'C turn o7yrto(>Ped by most modern soriters on the subject . Con- 
siderable labour ha ^ been besto:oed on the Icol in order to render it 
comprehensh'e and accurate, and the Pxutmpics (sdeeted chiefly 
from Colley' fh\amination Pipers) hair all been carefully verified. 

For ed/uational pm poses thic Toorh srms to be superior to any 
others on the subjet /.” (.'rllic. 

PI/ANl^] (.'0-0 1\ I ) I NAd'IO ( J I‘!( )M I'/l'R V, asa]>|)lio(l (o llic Slraii^lil 
Line and llie ('onic Section'^. With ninneroiis ICxaniples. Lourtli 
Kdilion, revised and enlarged, ('r.nvn Svo. cloth, fs. Gd. 

The author has here e}ideai'oured to e\hibit the subject in a simple 
manner for the benefit of beyin tiers, and at the same time to include 
in one 7'olumc all that students unttdly rcifuire. In addition, 
therefore, to the propositions sohich hasr a/ioays appeared in such 
treatises, he hits iidroiluced the methods of ahriile/’d notntioii, 
lohich are of more recent ori.;in : these methods, sohich are of a 
less elemenlarv character than the ns! of the 'toorh, are placed in 
separate chapters, and may be omitted bv the 'student at first. 

A TRiLV'risK OX 'rm^: i>iffI‘:ri-:xt[al (.'alcax.us. 

With numerous F\amj)les. Sixth Fdidon. ('nnvn Svo. cloth, 
lo.c. Gd. 

The author has endeavoured in the present soorh to exhibit a compre- 
hensive S'iriO of the Differential Calculus on the method of limits, 
fn the more elementary portions he has entered into considerable 
detail in the e\ planations, loith the hope that a readi rsoho is soithout 
the assistanee of a tutor may b - enabfd to acquire a eompetent ac- 
quaintance loith the subject. The method adopted is that of Pif- 
J'erential Coetiieients. To the different chapters are iip/rnded 
Pxamples suf/hiently numerous to render another book unneeessarv ; 
these E.xamplcs beiny mostly seh\ led from Colleye Examination 
Tapers. 'This and the folfnoiny loork have been translated into 
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Italian by Professor Jiaftai^/i>n\ solio in his Prefaee sf'ahs thus 
'‘Mil publishing this translation of the Ih'/feren/ial and Integral 
Calculus of Air. 'Todhunter, we hai'e had no other object than t 
add to the books lahich are in the hands of the students of our I Hi- 
z’crsities, a work remarkable for the clearness of the exposition, the 
rigour of the demonstrations, the just proportion in the parts, and 
the rich store of examples which oj'er a large field for useful 
exercise.” 

A TREATISK ONT TIIK IN'rFXiRAl. CAK'UF.US AND I'l'S 
ARIM Jt.'ATlOXS. With mimenuis h.xamplcs. 'I'liiid Julilion, 
revised and enlariMjd. C'rowii 8vo. cloth. lov. Od. 

This is designed as a work al once elementary and complete, adapted 
for the use of beginners, and sufjieient for the soants of ad 7 'an<ed 
students. In the selection of the propositions, and in the mode a 
establishing them, it has been sought to exhibit the prindples elearly, 
and to illustrate all their most important results. 'J'he process of 
summation has been repeatedly brought forward, with the view 
of securing the attention of the student to the notions which form the 
true fni) illation of the Calculus itself, as well as of its most 
valuable applications. Twery attempt ha<s been made to explain those 
difficulties which usually perplex beginners, especially with irference 
to the limits of integrations. A neu< method has been adopted in 
regard to the ti'ansformation of multiple integrals. The last chapter 
deals with the Calculus of Variations. A large collection of hxer- 
cises, selected from College Examination Tapers, has been appended 
to the sezeral chapters. 

KXAAfl’LIvS OF ANALVTICAI. OI'.OMl/I'RV Ol' 'rilRhdC 
DIMENSIONS. 'J'hird Etlitioii, revised, (down <Svo. cloth. 4J. 

A d'REATlSE ON ANALYTICAL STA'l'ICS. Willi numeruus 
Examples. Third Edition, revised and enlarged. Crown 8vo. 
cloth. io.r. 6 d. 

In this work on Statics ( treating of the laws of the equilibrium of 
bodies) will be found ail the propositions which usually appeal in 
treatises on Jheoretical .Statics. J o the diff erent chapters Exam l ies 
are appended, which have been principally selected from Unire .aty 
Examination Tapers, In the 'Third Edition many additions have 
been made, in order to illustrate the application if the principles O; 
the subject to the solution of problems. 
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Todhunter (I.) — COHliuttcd. 

A IIlsrORV OF THE MATIIEMAI'fCAl. I'lIEORV OK 

I’ROlFA nJ EIl'Y, from the Time of Rascal to that of Laplace. 

8 VO. i8j'. 

y'Jie snhjirt of Ihis work has hi^i claims to consideration on account 
(f the sultlc problems which it involrcs^ the 7 'alnable contributions 
to analv^^'is which it has produced^ its important practical applica- 
tions, and the emi)icncc of those who hare (nlliralcd if: nearly 
every p'reat mathematit ian within the rany^e of a century and 
a half comes' under consideration in the ionrse of the history. 'J'he 
author has endeas'onred to be (juite accurate in hi.\ statements, and 
to reproilutc the essential elements of the original works which he 
has analysed. Besides beiny a history, the work may claim the lilu 
of a lomprehensb'e treatise on the 'J'heory of Brobahility, for ii 
assunii \ in the reader only so much knoiolcdye as (tin be yained fnnu 
0)1 elemo/ttuy book on .llyebra, and inlivdiucs / ini to almost rrcry 
piViC'^s an I evoy spciial problem whidi the literature of the subject 
can furnish. 

RESEARCHES IN 'fllE ('ALCUIA'S Ol- \’ \ REA'flOXS, 
RriiK'ipnlly on tlie 'J'heory of Discontinuous Solnlions: An Jvssay 
to \vliii!i tho Adams’ Rrl/c was awarded in t!u‘ University of 
UanihridL^e in 1S71. 8vo. 6.v. 

'I'he subject of this Essay was pi^escribed in the Jolloioiny terms by the 
Examiners : — “H determination of the circumsiani cs under which 
discontinuity of any kind presents itself in the solution of a problem 
of ma.\imum or minimum in the Calculus of I’ariations, and 
appliiotion'i to particular insfaUiCS. It is < xp.ctc t that the discus- 
sion of the indtinces should he exemplified as jar as possible yeo- 
metriiolly, and that attention be especiallv directed to cases oj real or 
iiipposcd failure of the Calculush' While the Essay is thus mainly 
devoted t') the consideration of discontinuous solutions, sarious 
other t/u>stions in the Calculus of lariations are txa mined and 
elucidated : and the author hopes he ha<i definitely contributed to the 
extension and impi ovemcnt of our knowledye oJ this rejined depart- 
ment of analysis. 

A HISTORY OF 'niE MATHEMATICAL 'riH'iORIES OF 
Ad'd'RA^ H'lON, and the Figure of the f'.nrth, from the time of 
Newton to that of Laplace. Two vols. Svo. 24J'. 
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Wilson (W. P.)— A TRKATrSK ON ])VNA^[TCS. Ry 

W. P. Wilson, M.A., Fellow of St. John’s (\jllege, Cambridge, 
and Professor of Mathematics in Queen’s College, Belfast. 8to. 
9.f. 6(i 

Wolstenholme.— A book of math fmaticai. 

PROBLEMS, on Subjects included in tin- Cambridge Ciourse. 
By JosKiMl WoLS'i'KMloLMK,. h'ellow of Christ’s College, some 
time Fellow of S(. lolm's College, and lately l.eelurer in Mathe- 
matics at C hrist’s College, (.’rown 8vo. cloth. Sv. ()</. 

CoN'i’KN’rs (TudU) ■ I'/iu:,' 7'n^vNo;)ie(f y ■ 

Geometrical Conic Sctliom -Ana/y/i<a/ (\>iiii lni/ii>ns J'hcory of 
Etjtiadons -Pi/Jcrcniial Calculus —Intij^ml Calcnlns Solid Geo- 
metry —Statics— Elcmcnlary nynami<.s Xc:olon Dynamics of a 
/\) iut- -DynamiiS' of a Kr^id llody llya'jc^\!/t, GcomclDuaJ 
Optics — Spherical d'rhynometry and Dane Adronomy. In some 
cases the author has prefixed lo cerlain (/a\<e\' of froNems J'tai^- 
modarv notes on the mathematical 'nilj<<ti to lAiuh they relate. 

Judicious, symmetrical, and iOtll arran ged." - -Cuanlian. 
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PHYSICAL SCIENCE. 

Airy (G. B.)— POl'UT.AR astronomy. With Illustrations. 
By Sir G. B. Airy, K.C.B., Astronomer Royal. Seventh and 
cheaper I'.dition. i8mo. cloth. (id. 

7'hU tVLwk consists of Six Ltrfiircs, rollick arc intended to explain 
to intelligent persons the princfles on 'ivhich the instruments of an 
Obsers'atory air constructed ( omitting all details, so far as they are 
merely subsidiary), and the principles on 'ivhich the observations 
madcivith these instruments are treated for deduction of the distances 
and 'iveights of the bodies of the Solar System, and of a feav stars, 
omitting all minutue of formuhe, and all troublesome details of 
caleulation.'' 'the speciality of this volume is the direct reference of 
tvery step to the Obsciruilory, and the full description of the methods 
and instruments of observation. 

B.astian. — Works by H. CiiAKi/roN Bastian, hl.l)., F.R.S., 
L’rofessor of Pathological Anatomy in University College, London, 
etc. : ~ 

TWK MODUS OF ORIGIN OF LOWFST ORGANISMS: 

1 iicluding a Discussion of the Experiments of M. Pasteur, and a 
Reply to some Statements by Professors Huxley and Tyndall. 
Crown 8vo. ^s. 6d. 

The present volume contains a fragment of the cindence 'ivhich zvill be 
embodied in a much larger zvork—imv almost completed — relating to 
the nature and origin of living matter, and in fas'our of zvhat is 
termed the Thysical Doctrine of Life. “ It is a zvork zvorthy of the 
highest respect, and places its author in the very first class of scientific 
physicians. ... It zvould be difficult to name an instance in zvhich 
skill, knoivledge, pei'srverance, and great reasoning pozver have been 
more happily applied to the investigation of a complex biological 
problem .''''- — British Medical Journal. 
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Bastian (H. C.) — couHnucd. 

THE EE(HNNIN(jS ok LIKE: Joeing some Account of the 
Nature, Modes of Origin, and d'ransformations of Lower Organ- 
isms. In Two Volumes. With upwards of lOO Illustrations. 
Crown 8 vo. 28 ^- 

These voliinus contahi the results of several years' iirvestiyation on the 
Ori^^in of Life, and it 7oas only after the author had proceeded 
some lenyth ivith his ob^ejvations and experiments that he 'loas 
compelled to ehany;e the opinions he started loith for thou' announced 
in the present loorh— the most important ofiohieh is that in favour 
of “ spontaneous generation ” — the theory that life has never eeased 
to he actually originated. The First Part of the soork is intended 
to show the general reader, more especially, that the logical consc- 
ipienees of the now commonly accepted doctrines concerning the 
“ Con^en'ation of Fnergy ” and the “ Correlation of the 7 Hal and 
Physical Forces ” are wholly favourahle to the possibility of the in- 
dependent origin of ^Hiving” matter, ft also contains a 7 nrw of 
the Cellular Theory of Organisation." In the .Second Part of 
the work, under the head ^C'lrehebiosisf’ the ijuesHon as to the 
present occurrence or non-occurrenci of “ spontaneous generation ” 
is considered. ^*‘11 is a book that cannot be ignored, and mmt 
inevitably lead to irnewed discussions and repeated obseri'ations, and 
through these to the establishment op truth." - A. K. Wallace in 
Nature. 

Birks (T. R.) — ON MATTER AND E ITIER ; or, The Secret 
Laws of Physical Change. IJy 'Fiiomas Rawson Pirks, M.A., 
Professor of Moral Philosojdiy in the University of Cambridge 
Crown 8 vo. ^s. 6d. 

The author believes that the hypothesis of the existence of besides matter 
a luminous ether, op immense elastic force, supplies the true and suf- 
ficient key to the remaining scents of inorganic matter, of the phe- 
nomena of light, electricity, etc. In this treatise the author endea- 
vours first to form a clear and definite coiu option with regard to the 
real nature both of matter and ether, and the laws of mutual action 
7vhich must be supposed to exist between them. Tie then endeavouis 
to trace out the main conseijuenees of the fundamental hypothesis, 
and their correspondence with the kncaan phenomena of physical 
change. 
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Blanford (W. T.)— -geology and zoolo(;v of 

AliYSSINTA. By W. T. Llanford. Svo. 21 s. 

This worh contains an a ''count of the Geological and Zoological Obser- 
vations made by the author in Abyssinia, when accompanying the 
British Army on its jnarch to Magdala and back in 1868 , and 
during a shm't journey in Northern Abyssinia, after the departure 
of the troops. Part /. Persona! Narrative; Part 11. Geology: 
Part 111. Zoology. Jllth Coloured Illustrations and Geological 
Map. '‘'‘The rewdt of his labours f' the Academy "is an 
important cont?ibution to the natural history of the country. 

Clodd.— the nill.DITOOI) OE TIlEAVORr.D: a Simple 
vXcoount of Man in l'!arly 'Times. By I'.dward CloM), T'.R.A.vS. 
Second ICditioii. Globe Svo. 3 .^. 

“ Likely, ive think, to prove acceptable to a la?ge and growing clas^ of 
readers. - I ’a 1 i M al I G a/.el le. 

rROFKSSOR M \x Mri.i.KK, in a htler tothe Author, viys : " I read 
your bonk with great pleasure. I have no doubt it will do good, 
and I hope you "iOill continue your work. Nothing spoils our temper 
so much as haviiu.; to unlearn in youth, manhood, and raen old 
aye, so many thinc;'< ■iohieh 7oe 'loere taught as children. A book 
like yours will prepare a far better soil in the child's mind, and I 
was delighted to hai'e it to read to my children.^' 

Cooke (Josiah P., Jun .)— first brixc'II’LI'S of 
CIlIGMICAr. I’l 1 II.OSOITTY. By Josiah B. Gookk, Jun., 
Krvinc iVofe'sSor of Ghemistry and ^Mineraloej in Harvard Golle^^e. 
Crown Svo. 12 .^. 

Ihe object of the author in thh book is to present the philosophy of 
Chemistry in such a j'orm that it lan be made with profit the subjctt 
of College recitations, arid furnish ihe ieaclur with the means of 
testing ihe student's faithfulness and ability. JCtth this 7'itw the 
subject has been draclopcd in a loyical order, and the jirtnciples oj 
the seienee are taught independently of the e.\pe)imental es'idence on 
0 hi h they rest. 

Cooke (M. C.)— HANDBOOK OF BRITISH FUNGI, 
with full (lescrijdions of all the Species, and Illustrations of the 
Genera. By M. C. Cuokk, M.A. Two vols. crown Svo. 2t\g. 
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Ditrvr^ the ihhiy-jii'r yiW‘s iJiai Jur^e tlalstd sifh c the aHearanee of 
the tast (Owytite Myeoloyk Ftoni no attempt //</? been mode to re: i.u' 
it, to incorporate species since disiOi'erCit, anti to b/inq it up to the 
standard of modern science. Xo apotoyy, therefore, is neeessarv for 
the present effort, since aft loiif admit that the Toanf of suJi a 
manual has tony been felt, and this reork vitikes i!< appearaine 
under the adrantaye that it seek< to occupy a place •iridh h Jur ha:y 
been 7'acant. Ah effort has been spared to make the loorh sooi'thy 
of conihlcuce, and, by the piibliation of an occasional supplement, 
it is hoped to maintain it for many year^ a^ llic I la Utibooh'' 
for erorv student of Itritish Funqi. . Ippiuded i\ a (omdefe idpha- 
betiidl Index of all the drrisions and subdk'isions oj the Puiqqi 
notiecil in the text. The book contains .\oo fqure^. Will main- 
tain its pla^e 07 the standard I'.irqlish hook, on the sub oJ mhieh 
it tuats, for many years to come." Slnnd.ircl. 

Dawkins,— rAVl'.-lIirX’I'lXG : IWmvlic, cm lac F.vi.lonrc ol 

(’avcN i\-s|)Ct. tliv.; tlu' lairly InliabilntiK of Ixiiropf. I!\ W, IJoVi) 

I )A'\VK I N F. K..d. I ilustnxlcd, S\ o. | In the J'‘ress. 

Dawson (J. W.) - -A(’AI)IA.V ( 1 !’'( )I ,( )( 1 'riio ('a'oldG'ic: 

Slructin\, ( Rcuui’ms, and Mineral Ixesdurec . ol’ N((\u 
Cecilia, llriiH'^w ick, and Piincc J-'.dw.ird island. I!y John 

\VILI,!\^[ 1) av.soN, M.A., Idc.!)., 1\R.S., l-'di.S., I’riiu ipnl ami 
\'iec-( 'Iiaiu-eilor of ( 'oIlaLn' and I'nivci >ily, Monlicnl, 

Second J'alilion, r('\i.se<I aiid enlap_;(.<l. Willi a ( in)l(»..;ieal Ma)i 
and niiincroiis llliisiralioiis. 8\o. ic''. 

'Jheohfut oh the fid edition of trdn 7oor\ :oa^ t> fla < i 'ilhin tin 
reach of tie piOpb of the didrits to solih it n/aW, o popular 
account of die more recent dimoneries in the oyol.yy and mineral 
rro’ur, ,s c/ their <ountry, and at the sohic time to qirc to ;^,oloq/ '• 
in other count] hs a connC(ted I'lcio (J the diUiturc of i-ciy in- 
to'isliny portiai of the American Continent, in id I'Ciation to 
cyiural and Iheoriiicat (ieoto;qy. In the preent edition, it m nopctl thn 
desiyii is still more completely ful filed, \oith refeiciuc to the pnnnt 
more adrajic-'d londition of Inoioledyc. The author tiai iiula- 
7 'oured to connev a knoioledye of the structure and fossils of the 
nylon in such a manner as to be int-iUyffc to ordinary rcadm , 
and hoi'. denoted much attention to alt questunm iclatnnq to lac ins me 
and present or prospect izr value oj deposits of uscfin mine, ad a 
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Bi'sit/rs a /nror coloured Geological Map of Ike dislricty the work 
is illustrated by upwards of 260 cjUs of sections^ fossils^ animals^ 
etc. “ 'J'hc book will doubtless find a place in the library^ not only 
of the scientific geolo'^ist, but also of all who are desirous of the in- 
dustrial progress and commercial prosperity of the Acadian pro- 
TincesI '' — Milling Jonrnnl. “// style at once popular and scientific. 

. . . A valuable addithui to our store of geological knowledge .'*^ — 
GuarfHan. 

Flower (W. H.)— an rNTRODUCTfON TO THK OSTK- 
OI.OOY OF TilF MAMMALIA. Leiiig the substance of the 
C(jiir,-;e of Lectures delivered at the Royal College of Surgeons 
of iMigland in 1870. Ry W. 11 . Flower, F.R.S., F.R.C.S., 
Hunterian Ih'ofcssnr of Coni[)arative Anatomy and Physiology. 
With niunerons Illustrations. Globe <Sv(). 7.V. Gd. 

Although the present work contains the substance of a Course of lectures^ 
the form has been changed^ so as the better to adapt it as a hand- 
book for students. Theoretical vUws have been almost entirely e.r- 
cUuted: and while it is impossible in a scientific bratisc to avoid the 
employment of technical terms, it has been the authors endeavour to 
use no more than absolutely necessary, and to exercise due care in 
selecting only those that seem most appropriate, or which have re- 
ceir'id the sanction of general adoption. With a very feiv excep- 
tions the illustratious have been drawn expressly for this work from 
specimens in the Museum of the Royal College of Surgeons. 

Galton. — Works by Francis Galton, F.R.S. : — 

MFTP'.OROGRAPIllCA, or Methods of Ma])|)ing the Weather. 
Illustrated by upwards of 600 Printed J.ithographic Diagrams. 
4to. 9.L 

As Mr. Galton entertains strong viccus on the necessity of Meteorolo- 
gical Charts and Maps, he determined, as a practical proof of what 
could be dme, to chai't the entire area of Europe, so far as meteorological 
stations extend, during one month, viz. the month of December, 1861. 
Mr. Galton got his data from authorities in every fart of Britain 
and the Continent, and on the basis of these has here drawn up 
nearly a hundred different Maps and Charts, showing the state of 
the weather all over Europe during the above period. If the 
veuious^^ Gervernments and scient fic bodies would perform for the 
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G al 1 0 n — continued, 

whole world for two or three years what, at a yreat cost and labour, 
Jllr. Gallon has done for a part of Jiu rope for one juonth, Pleteoro- 
would soon cease to be made a joke oJ'A — Spectator. 

HERKDITATvY CjICNIUS: An Inquiry into its Laws and Con- 
sequences. Demy Svo. I2.f. 

“ I propose f the author says, “A; slnrw In this book that a maii s 
natural abilities are derh'cd by inheritance, under exactly the same 
limitations as are the form and physical features of the whole organic 
world. I shall slurw that social agencies of an ordinary character, 
whose influences are little suspected, are at this moment working 
hmw'ds the degradation of human nature, and that others are 
working- to-wards its impros'ement. The general plan of my argu- 
ment is to sluKo that high reputation is a pretty accurate test of high 
ability ; next, to discuss the relationships of a large body of fairly 
eminent men, and to obtain from these a general sun>ey of the laws 
of heredity in respect of genius. 'Then will follirw a short chapter, 
by way of comparison, on the hereditary transmission of physical 
gifts, as deduced from the relationships of certain classes of oarsmen 
and wrestlers. Lastly, I shall collate my rcsjdts and draw conclu- 
sions I"' 'The Times calls it ‘Lt most able and most interesting 
book f and Mr. Darwin, in his Descent of Ada n^^ (s'ol. \. p. Illj, 
says, “ I Ye know, through the admirable labours of Mr. Gallon, 
that Genius tends to be inherited.''^ 

Geikie (A.)— scenery OE SeXTrLAND, viewed in Connec- 
tion witli its Physical Geoi^raphy. XVitli Illustrations and a new 
CeokHdeal Map. Ry Arcihuai.d Ckikik, ITofcssor of Geology 
in tlie University of JCdinlmrgh. Crown <Svo. lO-v. Gl. 

“ I Ye can confdcntly recommend Mr. Geikie' s work to those who wish 
to look belcrw the surface and read the physual history of the Scenery 
of Scotland by the light of modern science." Saturday Review. 
“ Amusing, picliirennte, and instruclk'c."- Times. 

Guillemin.—THE FORCES OF NATURE: A Popular Intro- 
duction to the Study of Physical Phenomena. By AMt^nnK 
Guitj.emin. Translated from the French by Mrs. Norman 
Lockyer ; and Edited, with Addition'^ and Notes, by J. Norman 
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Lockyer, F.R.S. Illustrated by ii Coloured Plates and 455 
Woodcuts. .Second Edition. Imperial 8 vo. cloth, extra gilt. 
31J. 61 . 


M, Giiillemui is ahrady 'ivdl known in ihis country as a ?nost success- 
ful populariscr of the results of accurate scientific research, his 
works, while eloquent, intelligible, and interesting to the general 
reader, being thoroughly trustworthy and., up to date. The present 
7Vork consists of Sez<en Hooks, each divided into a nuniber of 
Chapters, the Books treating respectively of Gravity, Sound, 
Light, Heat, Magnetivn, Electricity, and Atmospheric Meteors. 
The programme of the work has not been confined to a simple 
explanation of the facts : but an attempt has been made to grasp 
their relative bearings, or, in other words, their laws, and that 
too without taking for grajiied that the reader is acquainted 
with mathematics. “ The aulhods aim has been to smooth the way 
for those who dedre to extend their studies, and liktwise to present 
to general readei's a suf/leiently exact and just idea of this branch of 
sciencef — Daily News. “ Translator and Editor have done 
justice to their trust. The text has all the force and flow of original 
writing, combining faithfulness to the author s meaning with 
purity and independence in regard to idiom ; 7oh He the historical 
precision and accuracy pervading the 7vork throughout, speak of the 
7vateh ful editorial supervision 7vhieh has been ghrn to eveiy scientific 
detail. Nothing can 7oell exceed the clearness and delicacy of the 
illustrative sveodeuts, bornnved from the Erench edition, or the 
purity and chromatic truth of the coloured plates. Altogether, the 
soork may be said to have no parallel, either in point of fulness or 

attraction, as a popular manual of physical science 

What 7oe feel, he^vrver, bound to say, and sohat sve say svith 
pleasure, is, that among "works of its class no publication can stand 
comparison either in literary completeness or in artistic grace with 
itP ' — Saturday Review. 

Henslow.— THE THEORY OF EVOLUTION OF I.IVINC 
THINGS, and the Principles of Evolution applied to Religion 
considered as Illustrative of , the Wisdom and Pcneficence of the 
Almighty. By the Rev. George Henslow, M.A., F.R.S. 
Crown 8 vo.*^ 6s. 
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Hooker (Dr.)— the student’s flora of the 

BRITISH LSI.ANDS. By J. D. Hookkr, C.B., F.R.S., 
M.D., D.C.L., Director of the Royal Gardens, Kew. Globe 8vo. 
loj. bci. 

The object of this ivork is to supply students and jicld-botanists ivith a 
fuller account of the Plants of the British Islands than the inamuils 
hitherto in use aim at giving. The Ordinal, Generic, and Specific 
characters lurac been rc-written, and are to a great extent original, 
and drawn from living or dried specimens, or both. “ Cannot fail 
perj'ectly fulfil the purpose j'or which it is int ended. — Land and 
Water. “ Containing the fullest and most accurate manual of the 
hind that has yet appeared." — ball Mali Gazette. 

Huxley (Professor).— i,ay SERMONS, ADDRESSES, 
AND REVIEWS. By T. II. Huxmcy, I.L.D., E.R.S. New 
and Cheaper I'idltion. Crown 8vo. *js. C)d. 

Fourteen Discourses on the follosving subjects : — (i) On the Advisable- 
ness of ImproT'ing lYatural lOmvlcdge :—[2) Emancipation — 
Black and While : — (3) A Jdberal Education, and where to find 
it:— {4) Scientific Education : — (5) On the Exlucational lvalue of 
the Natural History Sciences: — (6) On the Study of Zoology : — 
(7) On the Physical Basis of LiJ'e: — (8) 'J'he Scientific Aspects oj 
JWilivism:- (9) On a Piece of Chalk : — (10) Geological Contem- 
poraneity and Persistent 'Jypes of Life : — ( 1 1 ) Geological Reform : — 
(12) The Origin of Species Criticisms on the Origin of 
Species:"— {ii[) On Descartes' “ Diseourse touching the Method of 
using One's Reason rightly and of seeking Scientific Truth." 'Tin 
momentous injtucnce exercised by Mr. Jluxlefi s writings on physical, 
mental, and social science is universally acknowledged ; his works 
must be studied by alt who would comprehend the various drifts of 
modern thought. 

ESSAYS SELECTKD FROM LAV SERMONS, ADDRESSES, 
AND RE VI lews. C'rown Svo. u. 

This volume includes Numbers i, 3, 4, 7 > S, and 14, of the nboi>e. 

CRITIQUES AND ADDRESSES. Svo. io.i'. (H. 

These “ Critiques and Addresses," like the “ Lay Sermons," etc., pub- 
lished three years ago, deal chiefly with educational, scientific, and 
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philosophical subjects ; and^ infacU as the author says ^ indicate 
the high-water niaide of the various tides of occupation by which I 
have been carried along since the beginning of the year 1870.” The 
following is the list of Contents : — i. Administrative Nihilism. 

2. The School Boards: what they can do, and what they may do. 

3. On Medical Education. 4. Yeast, 5. On the Formaiioti of 
Coal. 6. On Coral and Coral Reefs. 7 * On the Methods and 
Results of Ethnology. 8. On some Fixed Points in British Eth- 
nology. 9. Pahcontology and the Doctrine of Evolution. lO. 
Biogenesis and A biogenesis, ii. Air. Darwisls Critics. 12. The 
Genealogy oj Animals. 13. Bishop Berkely on the Aletaphysics of 
Sensation. 

LESSONS IN ELEMENTARY PHYSIOLOGY. With numerous 

Illustrations. New Edition. i8mo. cloth. 4J. 6d. 

This book describes and explains, in a series of graduated lessons, the 
principles of Human Physiology, or the Structure and Functions 
of the Human Body. The first lesson supplies a general view oj 
the subject. This is follo^ved by sections on the Vascular or Venous 
System, and the Circulation ; the Blood and the Lymph ; Respira- 
tion : Sources of Loss and of Gain to the Blood ; the Function of 
Alimentation; Motion and Locomotion; Sensations and Sensory 
Organs ; the Organ of Sight ; the Coalescence of Sensations with 
one another and with other States of Consciousness ; the Nervous 
System and Innei'vation ; Histology, or the Minute Structure oj 
the 'Tissues. A Table of Anatomical and Physiological Constants 
is appended. The lessons are fully illustrated by numerous en- 
gravings. The nexv edition has been thoroughly rezdsed, and a con- 
siderable number of nrw illustrations added: several of these have 
been taken from the Rabbit, theSheepyihe Dog, and the Frog, in order 
to aid those %vho attempt to make their knowledge real, by acquiring 
some practical acquaintance 7mth the facts of Anatomy and PhysU 
oldgy. '‘'‘Pure gold throughout.'''' — Guardian. “ Unqtiestionably 
the clearest and most complete elementary treatise on this subject 
that we possess in any language .” — Westminster Review. 


Jellet (John H., B.D.) — a treatise on the 

THEORY OF FRICTION. By John H. Jellet, B.D. 
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Senior Fellow of Trinity College, Dublin ; Prositlcnt of the Royal 
Irish Academy. 8vo. 8.f. (sd. 

The Theory of Friction^ considered as a part of Rational Mechanics ^ 
has notf the author thinks^ received the attention ivhich it deserves. 
On this account many students have been probably led to regard 
the discussion of this force as scarcely belonging to Rational 
Mechanics at all ; ivhereas the theory of friction is as tt^ly a part 
of that subject as the theory of gravitation. The force with ivhich 
this theory is concerned is subject to laws as definite^ and as fully 
susceptible of mathe?natical expression^ as the force of gravity. 
This book is taken up with a special investigation of the laivs of 
friction ; and some of the principles contained in it are believed to 
he here enunciated for the first time. The work consists of eight 
Chapters as follows: — I, Definitions and Principles. II. Equdi- 
brium with Frictions. Ill Extreme Positions of Equilibrium. 
IV. Movement of a Particle or System of Particles. V. Motion 
of a Solid Body. VI Necessary and Possible Equilibrium. VII. 
Determination of the Actual Value of the Acting Forceof Friction. 
VIII Miscellaneous Problems ^\. Problem of the Top. 2. Friction 
Wheels and Locomotives. 3. Questions for Exeirise. The book 

supplies a want which has hitherto existed in the science of pure 
mechanics, ” — Engineer. 

Jones.— THE OWENS COLLEGE JUNIOR COURSE OF 
PRACTICAL CHEMISTRY. By Francis Jones, Chemical 
Master in the Grammar School, Manche.stcr. With Preface by 
Professor Roscop:. i8mo. with Illustrations. 2s. 6d, 

Kingsley.— GLAUCUS : OR, THE WONDERS OF THE 
SHORE. Py Cl r ARLES Kingsley, Canon of Westmin.ster. 
New Edition, revised and corrected, with numerous Coloured 
Plates. Crown 8vo. 5^. 

Kirchhoff (G.)— researches on th£ solar spec- 

TRUM, and the Spectra of the Chemical Elements. By G. 
Kirchiioef, Professor of Physics in the University of Heidelberg. 
Second Part. Translated, with the Author’s Sanction, from the 
Transactions of the Berlin Academy for 1862, by Henry R. 
Roscoe, B.A., Ph.D., F.R.S., Professor of Chemistry in Owens 
College, Manchester. Part II. 4to. 5^. 
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It is to KirchhoJI we are indebted for by far the best and most accurate 
observations of these phenomena. — Edin. Review, “ Thismemou' 
seems almost indispensable to every Spectrum observer f — Philo- 
sophical Magazine. 

Lockyer (J. N.)— Works by J. Norman Lockyek, F.R.S.— 
ELKMKNTARY LESSONS IN ASTRONOMY. With nu- 
nierous Illustrations. New Edition. j 8 mo. 5 ^. (nl. 

The author has here aimed to give a connected 7ihw of the whole subject, 
and to supply facts, and ideas founded on the facts, to serve as a basis 
for subsequent study and discussion. The chapters treat of the 
Stars and Nebuhe ; the Sun; the Solar System ; Apparent Move- 
ments of the lleaiwnly Bodies ; the Measurement of Time; Light ; 
the Telescope and Spectroscope ; Apparent JVacrs of the Heavenly 
Bodies; the Real Distances and Dimensions ; Universal Grai'itation. 
The most recent Astronomical Discoveries are incorporated. Mr. 
Lockyer' s loorh supplements that of the Astronomer Royal. “ The 
book is j'ull, clear, sound, and worthy of attention, not only as a 
popular exposition, but as a scientific ^ Index.' '' — Athenceum. 
“ 'The most fascinating of elementary books on the Sciences ." — 
Nonconformist. 

THE SPECTROSCOPE AND ITS APPLICATIONS. By J. 
Norman Lockyer, F.R.S. With Coloured Plate and numerous 
Illustrations. Second I^dition. Crown Svo. 3 .f. Gd. 

This forms Volume One (y'“ Nature Series," a series of popular 
Scienlific IVorks tt07v in comse of publication, consisting of popular 
and instructive works, on particular scientific subjects —Scientijic 
DiscotkTV, Applications, History, Biography —by some of the 
most eminent scientific men of the day. They will he so written as 
to be interesting and intelligible even to non-scientific readers. Mr. 
Lockyer' s 7oork in Spectrum Analysis is 7oidcly known. In the 
present short treatise will be found an exposition of the principles 
on which Spectrum Analysis rests, a description of the various 
kinds of Spectroscopes, and an account of 7ohat has already been 
done with the instrument, as well as of what may yet be done both 
in science and in the industrial art. 

CONTRIBUTIONS TO SOLAR PHYSICS. With numerous 
Illustrations. Royal 8 vo., uniform with Roscoe’s Spectrum 
Analysis,” Thompson’s “Depths of the Sea,” and Ball’s “Me- 
chanics.’ ^is. (id. 
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Macmillan (Rev. Hugh).— For other Works by the same 
Author, see Theological Catalog i:i:. 

HOLIDAYS ON HIGH LANDS ; or, Kambles and Incidents in 
search of Alpine Plants. Crown 8vo. clotli. bj*. „ y 

The aim of this book is to impart a general idea of the origin^ cha- 
racter^ and distribution of those rare and bcaiilifnl Alpine plants 
which occur on the British hillSy and which are found almost every- 
where on the lofty mountain chains of Europe,, Asia^ Africa,, and 
America. In the first three chapter^ I he peculiar vegetation of the 
Highland mountains is fully desoibed; while in the remaining 
chapters this 7>egetalion is hveed to its northern cradle in the moun- 
tains of Nonoay, and to its southern J '.uropean termination in the 
Alps of Switzerland. The information the author has to give is 
conveyed in a setting of personal adventure. One of the most 
charming books of its kind ez’er written.'' Literary Churchman. 
“ l\lr. Ml s glowing pictures of Seandinarian scenery .'^ — Saturday 
Review. 

FOOT-NOTES FROM THE PAGl^: OF NATURE. With 
numerous Illustrations. Fcap. Svo. 5jr. 

“ Thosewho have derived pleasure and profit from the study of Jloivers 
and ferns -subjects, it is pleasing to find, mao everynvhere popular 
— by descending lower into the arcana of the vegetable kingdom, 
will find a still more interesting and delight/ul field of research in 
the objects brought under review in the Jollo'a ing pages.”— 

“ The naturalist and the botanist 7oill d-'ti^ht in this volume, and 
those who understand little of the selewific parts of the xvork 7vill 
linoer over the mysterious pac-e of nature here unfolded to their 
Z'/tW.”— John Bull. 

Mansfield (C. B.)— a TllKORY ok salts, a Treatise 

on the Constitution of Bipolar (two-nu-mbered) Chemical Com- 
pounds. By the late Charles Blacheoko Mansfield. Crown 
8vo. 14^. 

Mansfield,” says the editor, wrote this book to defend the prin- 
ciple that the fact of voltaic decomposition afforded the true indi- 
cation, if properly interpreted, of the mV are of the saline structure, 
and of the atomicity of the elements that built it up. No chemist 
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will pcmsc this book 7vilhout fcding that Jic is in the presence of an 
original thinker^ whose pages are continually sui^gesfive, even 
though their general argument may not be entirely concurrent in 
direction with that of 7nodern chemical thought 

Miller.— TIIK romance of astronomy. By R. Kat.ley 

Miller, M.A., Fellow and Assistant Tutor of St. Peter’s Col- 
lege, Cambridge. Crown 8 vo. 3 .$-. Gd. 

“ On the whoh\ the informatioti eontaiiied is of a trusticorthy cha- 
7'acter, and we cordially recommend it to the perusal of those who^ 
zailhout bein^ in possession of the kmrwledgc reijnisite for discussing 
astronofuical theories, or the means by rvhich they are arrived at, 
ai‘€ yet desirous of becoming acquainted with some of the most 
interest iug of astronomical ionclusionsT — Alheiiceum. 

Mivart (St. George).— Works by S r. George Mivart.F.R.S. 
etc., Lecturer in Comparative Anatomy at St. Mary’s Hospital: — 

ON THE GEN.ES1S OF SPECIES. Crown 8 vo. Second 
Edition, to which notes have been added in reference and reply to 
Darwin’s “Descent of Man.” With numerous Illustrations, pp. 
XV. 296 . gs. 

The aim of the author is to support the doctrine that the rmrious 
species have been evch'cd by ordinary natural laws (for the most 
part unkumon) controlled by the subordinate action of natural 
selection^' and at the same time to remind some that there is and 
can be absolutely Clothing in physical science which forbids them to 
regard those natural laws as acting with the Divine concurrence, 
and in obedience to a creatwe fiat originally imposed on the pri>?ieval 
cosmos, in the begin ningf^ by its Curator, its Upholder, and its 
Loj'd. Nearly ffty woodcuts illusti'ate the letter-press, and a com- 
plete index makes all ^'efercnces extremely easy. Canon Kingsley, 
in his address to the Dereonshire Association,^' says, Let me re- 
commend earnestly to you, as a specimen of what can be said on the 
other side, the ‘ Genesis of Species,' by Mr. St. Gemge Mivart, 
F.E.S., a book ivhich / am happy to say has been received elseiuhei'e 
as it has desem’cd, and, I trust, unit be receded so among you." 
“ In 710 work in the English language has this great controversy 
been treated at once with the same broad and 'tdgorojis grasp of 
facts, and the same liberal a4id candid ” 5 — Saturday Review. 
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